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refrigeration and the increasing number 

of refrigerating and ice-making plants, 

call for a treatment of this important 

.. ..i subject which is graphical rather than 

mathematical, practical rather than theoretical, and 

will be of use in the class room, the engine room 

and the office. 

There is nothing new in this volume to the 
experimenter and student of entropy. It is written 
for the architect, mechanical engineer, refrigeration 
engineer, stationary engineer, plumber, ice-making 
and cold-storage superintendent, and the class room. 
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PART I 
REFRIGERATION 

m ui 

CHAPTER I 

PRINCIPLES OF REFRIGERATION 

I;5OHE0RY of Heat.— Heat and cold are but 
different degrees of the same pheDomenon. 
When heat is spoken of the term ia used 
comparatively to indicate that, as com- 
i pared with something else, it possesses a 
P temperature. For instance, water at ordinary 
rtture, 62° Fahrenheit, is considered cold, but 
pomparpd with iron pipes or plates, chilled with brine 
to a tpmpcratiire of 10" Fahrenheit below zero, the 
water would be considered warm. 

Heat is a condition, not a substance. It cannot 
be seen, weighed or measured, except by the work 
it performs, or results it will accomplish. It is now 
a commonly accepted theory that heat is a wave 
motion, or vibration, of the ether that pervades apace. 
All bodies are made up of minute particles, called 
molecules. When these molecules are at rest the 
body Is cold. Conditions arise, however, that cause 
these molecules to vibrate rapidly, and impinging 
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against one another they are made to fly apart. The 
wider apart the molecules separate and the more 
rapidly they are caused to vibrate the hotter will 
become the body. The vibrations of the molecules 
of one body cause the ether surrounding that body 
to vibrate in the same cadence, or time, and the 
vibrations radiating in all directions, in wave-like 
motions, strike the surrounding or near-by bodies, 
setting up similar motions in the molecules composing 
them, consequently increasing the molecular activity 
and causing them to become hotter. The ether, which 
propagates heat waves to surrounding objects, is a 
supposed medium filling all known space, even within 
the densest of bodies, as, for instance, air fills the spaces 
between grains of sand. This medium is thought to 
be more elastic than ordinary forms of matter, and to 
be sensitive to only certain forms of energy, such as 
light, heat and electricity. Magnetic and electric 
phenomena can be explained only a.s due to straJoaJ 
and pulsations in this ether. ■ 



Temperature. — The temperature of a body may 

be considered as a measure of the velocity with which 
its molecules vibrate to and fro. Each degree of 
heat which a body possesses sends forth a certain 
wave vibration peculiar to that temperature only, 
and the velocity of the ether waves increases with each 
increase and decreases with each decrease of temper- 
ature. The relation between temperature and vibra- 
tion is absolute. That is, if a body be heated to a 
certain temperature it will send forth the wave peculiar 
to that temperature, and, conversely, if an ether wave 
strike a near-by object, it will heat that body t 
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temperature corresponding to the wave- It ia due to 
this phenomenon that temperature can be measured. 
If a small glass tube with a bulb on one end, filled with 
mercurj-j t>e brought near a heated body, the heat 
waves, striking the mercury, will set up the same 
velocity of vibration as in the heated body. As the 
vibrations of the molecules of mercury increase in 
velocity they fly further apart, thus occupying more 
space and forcing mercury up the tube a height cor- 
responding to the temperature of the mercury and 
the velocity of the heat vibrations. 

Thermometers. — ^Thermometers are instru- 
ments for measuring temperatures. The thermom- 
eters used in refrigeration practice are the Fahrenheit, 
abbreviated "F"; the Centigrade, abbreviated "C," 
and the Reaumur, abbreviated "R." The Fahrenheit, 
Centigrade and Reaumur thermometers are made 
alike, according to the same principle, and differ only 
in their graduations. The Instrument consists of a 
glass tube, with a bulb on one end and closed at the 
other end to keep out air. Before closing the tube 
the bulb is filled with mercury and the air is driven 
out of the tube by heating the mercury to near its 
boiling point, thus filling the tube with mercury vapor. 
While the tube is in this condition it ia sealed and, 
upon cooling, the vapor becomes condensed and a 
partial vacuum results. 

Thermometers indicate temperature by the ex- 
pansion of the mercury when heat is applied and by 
the contraction of the mereurj' when heat ia with- 
drawn. Heat causes the mercury column to rise, 
while withdrawal of heat causes the mercury column 
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to fall, and the mercury within rises or falls an equal 
distance for equal changes of temperature; conse- 
quently, when the instrument is properly made, with 
the same inside diameter tliroughout the tube, and is 
accurately graduated, it will indicate with great accu- 
racy any change of temperature. 

To graduate a Fahrenheit thermometer it is 
placed on melting ice, and the point to which the 
mercury falls in the glass tube indicates the freezing 
point of water, which is marked 32°. The thermom- 
eter is next placed in the steam rising from water 
boiling in an open vessel at sea level, and the point 
to which the mercury rises in the glass tube indicates 
the boiling point of water, and is marked 212°. Hav- 
ing these two points fixed the intermediate space is 
divided into X80 equal parts, each of which represents 
1°. Thirty-two parts, each equal to one of the divis- 
ions above the freezing point, are now marked off 
from the freezing point downward, and the last one 
is marked zero (0°). Fahrenheit placed the zero point 
of his thermometer at 32° below freezing, because 1 
that was the lowest temperature he could obtai 
he supposed it was impossible to obtain a lower onej 

The graduations on a thermometer, to be acci 
rate, should be marked on the gla-sa tube, becam 
when marked on a metal or wood background, as i 
done on house thermometers, the scale might becom 
displaced and the instrument would then be i 
inaccurate for refrigeration readings. 

The Centigrade thermometer is graduated by* 
placing the zero at the freezing point of the FahrenheitB 
scale and marking the boiling point 100°, The dia-'^ 
tance between the freezing point and the boiling point 
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is then divided into 100 equal spaces, each of which 
represents a degree Centigrade. The equal divisions 
of the Centigrade scale may be carried as far above 
the boiling point and as far below the freezing point 
as is desired. 

On the Reaumur thermometer the freezing point 
is marked zero and the boiling point 80°. The dis- 
tance between these two point* ia then divided into 
80 equal spaces, each of which represents 1 degree 
Reaumur. The spaces can be carried above the boil- 
ing point and below the freesiing point, as in the case 
of the Centigrade thermometer. 

A comparison of the readings, or scales, of Fahren- 
heit, Centigrade and Reaumur thermometers can be 
found in Table I. 

The readings on a Centigrade thermometer can 
be converted into corresponding readings on the 
Fahrenheit scale by adding 32 to 9/5 of the Centigrade 
reading. This can be expressed by the formula: 
Fahrenheit = 9/5C + 32 

Example. — What is the reading on a Fahrenheit 
iScale corresponding to 66° on the Centigrade scale. 

Solution; 9/5 of 66 = 118.8 + 32 = 150.8 
■Fahrenheit. 

Readings on the Reaumur thermometer can be 
lonverted into corresponding readings on the Fahren- 
keit scale by adding 32 to 9/4 of the Reaumur reading. 
This can be expressed by the formula: 
Fahrenheit = 9/4R + 32 

Example. — What reading on the Fahrenheit scale 
] correspond to 52" on the Reaumur scale? 

Solution: 9/4 of 52 = 117 + 32 = 149° Fahren- 
leit. 
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Reading on the Fahrenheit thermometer can be 
converted into readings on the Centigrade scale by 
multiplying the remainder by 5/9. Expressed as a 
formula: 

Centigrade = 5/9(F — 32) 

Example. — What reading on the Centigrade 
thermometer will correspond to 80° on the Fahrenheit 
scale? 

Solution: 80 — 32 = 48 X 5/9 = 2G.6° Centi- 
grade. 

Reading on the Reaumur thermometer can be 
converted into corresponding readings on the Centi- 
grade scale by multiplying the Reaumur reading by 
5/4. Expressed as a formula: 
Centigrade = 5/4R 

F^AMPLE. — What reading on the Centigrade scale 
will correspond to 45" on the Reaumur scale? 

Solution: 5/4 x 45 = 56,25° Centigrade. 

Readings on the Fahrenheit thermometer can Ije 
converted into corresponding reatiings on the Reaumur 
Bcale by subtracting 32 from the Fahrenheit reading, 
then multiplying by 4/9. Expressed as a formula: 
Reaumur = 4/9(F — 32) 

Example. — What reading on the Reaumur ther- 
mometer will correspond to a reading of 203° on the 
Fahrenheit thermometer? 

Solution: 203 — 32 = 171 X 4/9 = 67° Reau- 
nur. 

Reading on the Centigrade thermometer can be 
loovertecl to corresponding readings on the Reaumur 
Kale by multiplying the Centigrade reading by 4/3. 
Expressed as a formula: 

Reaumur = 4/5C 
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according to whether Fahrcnhwt, CentiRriicle or Reau- 
mur thermometer is used. For example, if a temper- 
ature of 60° were indicated on a Fahrenheit thermom- 
eter the absolute temperature would be 460° + 60° 
= 520°. If, on the other hand, a temperature of — 10° 
were indicated on a Fahrenheit thermometer the 
absolute temperature would lie 460° — ■ 10°, or 450°. 
AliBolute temperatures of gas are used in refrigeration 
practice in calculating adiabatic and isothermal expan- 
sion and compression of gases. When the tempera- 
ture of a substance is mentioned that indicated by a 
thermometer is understood, unless it is stated to be 
"absolute temperature." 

Measurement of Heat.— Temperature is not 

a measure of the quantity of heat a body possesses 
but of the velocity of vibrations of the molecules. 
Heat, on the other hand, may be considered the total 
energy of the molecules compo.sing the body. For 
^stance, a knitting needle heated to a white glow 
would have a higher temperature than an iron bar 
heated only moderately warm, but the iron bar would 
possess a greater amount of heat. This could be deter- 
mined by placing the needle and the bar each in a 
separate vessel containing equal amounts of water, 
and noting the rise in temperature of the water. 
Further, a ball of metal 1 foot in diameter might 
have the same temperature as another ball of metal 
1 inch in diameter, but the larger ball would have the 
greater quantity of heat. 

Heat is measured by the effect it produces on a 
known weight of water. For instance, if a certain 
quantity of heat will raise the temperature of 1 pound 




ry Retriger 



and Ice Maki 



of water 10° Fahrenheit, it will raise the temperature J 
of 10 pounds of water 1° Fahrenheit, or of 100 pounds | 
of water 0.1° Fahrenheit; clearly, then, there issome 
relation Iwtween heat and the quantity of water it 
will raise 1° in temperature, and this relation is measur- 
ed hy the unit of heat, known as a British Thermal 
Unit. A British thermal unit, abbreviated B. T. U., 
is the quantity of heat required to raise the temper-^ 
ature of 1 pound of water from 62° Fahrenheit to 6 
Fahrenheit. In practice it is taken as the quantity of 
heat required to rabe the temperature of 1 pound of 
water 1° Fahrenheit. British thermal units are com- « 
monly spoken of in practice aa heat units, so the tw 
terms may be considered synonymous. 

A.'* a matter of fact, for temperatures above 63*1 
Fahrenheit it takes 8lif;hlly more than 1 British thet 
mal unit to produce a change of 1° in 1 pound of wat«p^| 
and, conversely, for temperatures below 62° Fahrei 
heit it takes stiKhtly less than 1 British thermal i 
to produce a change of 1° in 1 pound of water. Fm 
ther, the higher the temperature of the water becom 
the greater the amount of heat required to raise itj 
temperature" 1°. and the lower the temperature of thl 
wat«r becomes the less the amount of heat required' 
to raise the temperature 1°. For instance more heat 
would be required to raise the temperature of I pound 
of water from 70° to 71° Fahrenheit than would be 
required to raise the temperature of the same quantity 
of water from 69° to 70° Fahrenheit. This difference 
is SI) slight, however, that in practice tt is ignored^ ^ 



Specific Heat.— Different substances 
different capacities for the absorption of heat, 



\ 
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just as a sponge will take up for more water than will 
an equal size and weight of cotton or woolen cloth, 
so will some substances take up or absorb many times 
the amount of heat that others will. For instance, 
if a 1-pound iron ball be heated to the temperature 
of boiling water, 212° F., and placed in a vessel into 
which water of a temperature of 60° F. is slowly 
poured until the temperature of the ball is lowered 
to 70" F., the temperature of the water meantime 
having risen to the same degree, it will be found that 
1,62 pounds of water have been raised in temperature 
10°. 

If a similar iron ball be heated to a like tempera- 
ture and placed in a vessel into which mercury of a 
temperature of 60° F. is slowly poured, until the iron 
ball and mercury reach a common temperature of 70°, 
it will be found that in cooling from 212° to 70° the 
iron ball has raised the temperature of 48.5 pounds of 
mercury 10°. Obviously, then, it will take about 
thirty times the amount of heat to raise the tempera- 
ture of a given weight of water to any desired degree, 
that would be required to heat a like weight of mer- 
cury to the same temperature; and, what is more 
to the point in refrigeration practice, as action and 
reaction are equal but opposite, it would take thirty 
times the amount of refrigeration effort to cool a 
quantity of water that would be required to cool a like 
amount of mercury. This is an important principle 
to keep in mind in studying or applying refrigeration, 
for it is this specific heat in goods placed in storage 
which must be abstracted, and knowing the specific 
heat of various substances makes simple the problem 
of computing the cooling effect required in given cases. 



iger»ti 



ad Ic 



Makii 



The specific heat both above and below the freeaing 
temperature, latent heat of freezing together with 
composition of various substances commonly stored 
in refrigeration plants, can be found in Table !!■ ' 

TABLE n 
■name ur> lateht beat or TAStoca rooo peodccts 



73 00 

63 00 

7o!ofl 

74 00 
Bl 00 
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In this table the values are given in heat unil 
per pound and the figures in the last column, sfaowingj 
the latent heat of freezing, have been obtained by 
multiplying the latent heat of freezing water, which' 
is 142 heat units, by the per cent, of water contained 
in the different materials considered, for as the solid' 
constituents remain in their original condition, only 
the liquid or watery portions of these materials are' 
concerned in the solidification or freezing of them.. 

It will be seen by the table that to lower the 
temperature of different substances various amounts 
of heat would have to be abstracted to reduce the 
temperatures to the freezing points, and whenever 
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the preservation of the food product requires it to be 
maintained at a temperature lower than the freezing 
point BtiU more specific heat must be abstracted. 
Take, for instance, the storage of fat pork. The 
specific heat of this product above freezing is .51, 
while that of cabbage is .93, the cabbage being 91 
per cent, water. To cool ten tons of cabbage to just 
above freezing temperature, therefore, would take 
almost double the refrigerating effort required to cool 
an equal weight of fat pork. 

The specific heat of various substances used in 
and around refrigeration rooms can be found in Table 
III. Some of the substances here enumerated will 
probably be used in the construction and equipment of 
the building, others for vats and receptacles, while still 
others form part of the goods stored. 

TABLE III 

UT OF TAKIOnS SDBSTAMCC8 




The specific heat of a substance is the ratio be- 
tween the quantity of heat required to warm that 
body 1° Fahrenheit and the quantity of heat required 
to warm an equal weight of water 1°. Water at 32° 
Tahrenheit is called 1 and the specific heat of other 
•ubstances is expressed by giving, decimally, the 
value of the ratio. For instance, as was previously 
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poiDt«d out, the specific heat of mercury is as 1 to 30, 
or 1-30, which expressed decimally would be .0333. 
In refrigeration practice it is frequently necessary' to 
find the number of heat units required to be extracted 
to lower the temperature of goods in storage. Tbia 
information can be found by the following rule or 
formula: 

Rule. — To find the number of heat units to be 
Bb«tra4rt(>d to lower the temperature of stored pro- 
duct« B given number of degrees, multiply the specific 
beat of the RubittaQce by its weight in pounds and by 
the number of degrees the substance is to be cooled. 
E«pnMtr.d aa a formula: 
H = SW(T — t) 

In which 

H = number of heat units to be abstracted. 

S — specific heat of the substance. 

W = weight of substance in pounds. 

T ■= higher temperature of the substance. 

t = temperature to which substance must 
lowered. 

EXAUPI.E. — How many heat units must be 
8tracte<l from 20 short tons of lean beef to lower 
temperature from 70° Fahrenheit to 32° FahrenheitT 

.Solution. ^^pecific heat of lean beef, .77. 
Weight of beef, 40,000 pounds. Degrees temper- 
ature to be lowered, 70 — 32 = 38. 

Substituting tliuse values in the formula .77 
40,000 X 38 = 1,170,400 B. T. V. (Answer.) 

In figuring the refrigeration capacity of en^iu 
or coils the weight of various substances which can 
be cooled by abstracting a given amount of heat can 
be determined by the following rule: 
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Rule.— To find the weight in pounds of a sub- 
stance that can be lowered in temperature by a cer- 
t*dn amount of refrigeration effort, divide the number of 
heat units to be extracted by the product of the specific 
lieat of the substantie and the niimljer of degrees the 
BubNtance is to be lowered. Expressed as a formula: 
H 

W = — 

S (T -- 1) 

In which: 

W = weight of substance in pounds. 

H = number of heat units to be abstracted. 

S = specific heat of the substance. 

T = higher temperature of the substance. 

t = temperature to which substance must be 
lowered. 

Example. — How many pounds of lean beef can 
be lowered in temperature from 70° to 32° Fahren- 
heit, by abstracting 1,170,400 heat units? 

Solution. — Substituting values in the formula 
just ^ven: 

1,170,400 

= W = 40,000 pounds, (Answer.) 

77 X 38 

Sensible Heat.— All substances possess heat in 
three different states, or at all events are capable of 
possessing them at different times when exposed to the 
right set of conditions. Specific heat has already been 
explained, but mention was not made before of the fact 
that specific heat may be and generally is sensible 
heat. That is, it is perceptible to the feelings, and 
can be measured with thermometers. As a matter of 
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fart it is more the temperature than the quantity ol 
heat that produces the quality called seDsibte, but 
whivtevor it may be called it is one of the least eon- 
sidcrrd qualities or conditions in refrigeration prac- 
tice, liciiiR used principally to indicate the teiapenir 
tun!s of compartments and fluids used in the process, 
whilo the less perceptible specific heat and the insen- 
sible latent heat are the two qualities which must be 
reckoned wilh, 

Latflnt Haat of Piuion and Evaporation.^ 
Latent heat is the beat contained in a substance which 
ix not iK'rccplible to the senses or capable of being 
indicated by the most sensitive thermometers. When 
the application of heat causes a change of state in 
molecular construction of a substance and the sub- 
Htance pawies either from a solid to a liquid, or from 
a liquid to ii gasoous stale, there is an absorption of 
heat, without any rise in temperature, and the heat 
thiiM al>Kurbed is termed latent beat, because it appar- 
ently disappears and is not measurable by s thermom- 
oter. 

The heal is not lost, however, but reappears when- 
ever the HubntHncc passes back again from the gaseous 
to tho liquid state, or from the liquid to the solid 
dtale. Tho heat thus temporarily lost, or latent, is 
cxiieiidcit in overcoming the molecular cohesion of the 
liarticli'M of the substance and in overcoming the 
rchlwliiin'c (if external pressure to change of volume of 
the lii-nled body. 

If heal be applied to a pound of ice there will be 
a rial! in lomiwrature until the (nx-nng point, 32° F. 
ifl roacliod. At this point the ice will begin to melt, 
16 
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but the temperature of the mixture of ice and water 
will remain 32° F. so long as any particle of ice remains 
in it, notwithstanding the fact that during the entire 
melting process the ice has been absorbing heat. The 
amount of heat thus absorbed in changing the state 
of a pound of ice from ice at 32° F. to water at the 
same temperature is 144 heat units, and this quantity 
is known as the latent heat of fusion of ice. 

If the application of heat be continued to the 
water resulting from the pound of ice the temperature 
of the water wili rise, but it will now require about 
twice as many heat units to effect a rise of 1° as it did 
to accomplish the same rise in the ice. The reason 
is that the specific heat of water is 1,00, while that of 
ice is only .504, consequently the water will absorb 
more heat, as was pointed out in the paragraph on 
specific heat. 

When the water has reached a point of 212° 
Fahrenheit there will be a further absorption of heat 
with no increase of temperature. Boiling occurs and 
itlie heat absorbed is expended in transforming the 
water into steam. Water at atmospheric pressure 
at sea level cannot be heated beyond 212° Fahrenheit, 
and the steam which is formed is likewise at a tem- 
perature of 212° Fahrenheit. 

When the entire pound of water has been evapor- 
ated into steam 965.8 British Thermal Units have been 
in the operation, and the quantity so absorbed 
is known as the latent heat of evaporatittn of water. 

The heat which is absorbed by one pound of 
water tn converting it into steam at atmosplierie 
pressure is sufficient to melt three pounds of steel or 
^irteen pounds of gold. This fact alone will explain 
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the tremendous power stored up in steam, readj' to 
useful work, so stored to reappear as heat when 
process is reversed. 

For, as action and reaction are equal, but oppo- 
site, so the latent heat^ of fusion and evaporation can 
be reversed and caused to do useful work in sanitary 
refrigeration and ice making. la fact, this principle 
is utilized in most of the refrigeration plants now 
erected, in which the abstraction of heat is brought 
atfout by the vaporization of some liquid having a low 
boiling point. Machines of this character may logic- 
ally be considered latent heat refrigerating machines. 

The reverse action of latent heat may be 
understood by considering the condensation of steam 
to water and the cooling of water and congealing, or 
freezing, into tee. If steam be allowed to condense 
in a coil immersed in an insulated vessel containing 
wat^T and the number of heat units thus given off 
carefully ascertained, it will be found that one pound 
of steam at 212° Fahrenheit condensing to water at a 
temperature of 32° Fahrenheit will give off 965.8 
HritiHh Thermal Units, which was the exact amount 
latent or apparently lost in the process of converting 
water at freezing temperature into steam at atmos- 
pheric pre«nure. During the process of condensa- 
tion the temperature of the steam and water in con- 
tact would be uniformly 212° Fahrenheit until the 
ateam was all condensed, when the temperature of, 
the water would begin to fall until the freezing poini 
32' Fahrenheit, was reached. At this temperati 
the formation of ice would begin, and 144 unita 
heat would be given off by the pound of water in foi 
ice without the temperature changing whatsoe^ 
18 
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The principal facts regarding latent heat are 
that in passing from a solid to a liquid state ur frum 
& liquid to a gaseous state they require, or absorb, 
heat; while conversely, in passing from a gaseous to 
liquid state, or from a liquid to a solid state, they 
give off heat. The application of these principles 
will be found in refrigeration machines, where a suit- 
able liquid, like anhydrous ammonia, is compressed 
and liquified in the cylinders of a compreaaor, cooled 
to ordinary temperature by water flowing over the 
storage coil, then allowed to expand to a gas in cool- 
ing coils, where the heat required for the process is 
obtained from the subatance in storage. 

Theoreticallj' any volatile liquid may be used as a 
working fluid in a latent heat machine, but practically 
the fluid is not found suitable unless it possesses, in 
addition to a low vaporizing temperature, a high 
capacity for latent heat. 

A list of substances that have been used in latent- 
heat machines, together with their boiling tempera- 
tures, latent heats and specific heats can be foiind in 
Table IV. 

TABLE IV 

I^TIHT HXATS Of rLUIDS 



l^mnrmtun Latent 

ol BaiUnc tlesi Id 

Point Britiih 

AtaHiq>heHc Tbernud 
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It will be seen by the table that carbon dioxide 
has the lowest boiling point — 140° Fahrenheit. The 
latent lieat valxie, however, is comparatively low, 
80 that it loses in that respect what it gains in the 
other. Anhydrous ammonia, on the other hand, has 
a Buffieicnlly low boiling, or vaporiaing, temperature, 
which, combined with high latent heat value, makes 
it the commonly accepted refrigerating fluid, although 
cftflron dioxide is extensively used. In fact, the two 
refrigerants now commonly used in practice are anhy- 
droua ammonia and carbon dioxide. Each of these 
rcfrigrrnnt^ has its own particular advantages and 
disadvantages, and its own peculiar field of useful- 
ness, which will be described in their proper places. 
The other refrigerants with the exception of sulphur 
dioxide have 1>ocn practically abandoned as working 
fluitla. Recently sulphur dioxide has been cleverly 
employeil in a small, self-contained refrigeratiii^q 
machine. ffl 




)EAT of Solutions.— Whenever a chem- 
ical action takes place the rearrangement 
of the molecules to form the new combi- 
oatiOD is accompanied by an increase or 
decrease of temperature, according to the 
nature of the change. Ordinary physical mixtures are 
not affected thermally, as no molecular change takes 
place, but chemical combinations and solutions are 
invariably accompanied by an increase or withdrawal of 
heat. In refrigeration practice, however, about the 
only application of this principle is in the case of am- 
monia absorbed by water and separated again by a 
process of distillation in the cycle of an absorption 
plant. 

In the absorption system the expanded ammonia 
gaa is collected by taking advantage of the chemical 
affinity of ammonia for water. Cold water at 50° 
Fahrenheit will absorb 350 to 400 times its own volume 
of ammonia gas, making a solution that is known to 
commerce as aqua-ammonia. 
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In abeortMsg thi» unmoaia pts by the val 
925.7 beat units are pvea up for each pound of a 
tnoaia gas abrarbed uoder atmoeipbedc pressure, ■ 
eiDce action and reaction are equal but opposHer i 
heat is pwtt up when ammonia gas is abaorbed, hei 
viU be absorbed wbc^ the gas is again liberated fnA 
the water. The quantity of be-at uece^ary to libetati 
one pound of anhydrous ammonia gas is 925.7 B. 1^ 
U., which is the ?ame amount of beat that is ^vcK 
out by the solution when the gas is being absorbed 
The solubilities of dilTerent gases in water at a 
pheric pressure can be found in Table V, 

TABLK \ 

SOLUBILITT or OASES IH WATIK AT 

ATMOSPHKBIC PRX88UBE 



XZ'Faht. mjfeabt. M* Fkln 40* Fikr. 7<P 
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Intent cold can be pfx>duced by the mixtttn 
various chemicals lo form chemical combinations a 
etdution?. In Table \'l «ill be found a number 
so-coOed freezing mixtures, in mo^ of which snow 
ice are used. Intense cold can be produced, 
without the aid of snow or ice, as may be seen by 
combmalion of .sodium sulphate, animonittiB nib 
and nitric acid, which wiU lower the temperature' 
the mixture 64° Fahrenheit, or from .50° above 
to 14° below lero. 
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VVQCh a room or stands in an ice house he will experi- 
t ence a feeling of cold, not because the ice radiates 
I cold to his person, but because some of the animal 
I warmth of the body is being abstracted to raise the 
temperature of the ice or refrigerating coils, in accord- 
I snce with the well-known and universal law of equil- 
I ibrium of temperature. 

In the transfer of heat nature makes use of three 

* distinct methods, or channels, known respectively as 

conduction, convection and radiation, each of which 

is employed in refrigeration and ice-making practice. 

Conduction of Heat.— Conduction of heat is 
the progressive movement of heat through or along 
a substance without perceptible movement of the 
molecules. If one end of a poker be held in a fire the 
other end will become heated by conduction. The 
conduction of heat plays an important part in refrig- 
eration practice, good conduction being necessary in 
some cases, as, for instance, for cooling coils, while 
poor conductors of heat, as will later be explained in 
detail, are neceseary to prevent the loss of heat through 
the walls of storage buildings, and to prevent lose of 
Jieat from the cooling coils where exposed in passing 
to and from the refrigerating rooms. 

Convection of Heat. — Convection of heat is 
the transfer of heat by movement or circulation of the 
moleculee, of the transferring substance. Fluids and 
gases, BTich as water and air, can be heated only by 
1 convection, while at the same time they are the only 
I mediums that can heat or cool other substances by 
1 Convection. Beat, for instance, passes by conduction 




tary Refr 



and convection to the interior of cold-storage buil< 
ings. 'Hot air coming in contact with the cooled 
parts with its excess heat, and this heat passes by con- 
duction to the surface of the walls within. Water, 
on the other hand, is heated in the boilers and water- 
distilling apparatus of an ice-making plant by heat 
applied to the bottom of the vessel. When heat is 
thus applied to a fluid the particles in contact with 
the heated vessel expand in bulk; consequently be- 
come lighter in weight, rise toward the surface and 
are replaced by colder and denser particles flowing in 
from the sides. 

Convection is made use of in the manufacture 
ice, by the can method, to insure an equal temperati 
of the brine throughout the tank to insure uniform 
freezing. Brine agitators and circulating pumps are 
used to keep the brine in motion, circulating through- 
out all parts of the tank, so that even the most remote 
corners will be cold as the brine in other parts of 
tank. 

Circulation .of fluids through pipes to transfer 
temperature or heat from one point to another is 
akin to convection and may properly be considered 
as such. Steam or hot water conveyed through pi 
ing to a radiator Is a familiar example of such a methi 
while withdrawing heat from a cold storage room 
means of refrigerating coils is a similar example ci 
mon to refrigeration practice. 

Convection of air currents is also used in refi 
eration work for cooling storage rooms where the 
humidity must be kept very low, or where occasional 
changes of air are necessary, so that the air in the 
rooms will be always fresh and pure, 
26 
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Badiation of Heat.— Radiation of heat is the 
transmissiun of lieat through spai-e from a warm body 
to one of lower temperature. For trample, the earth 
is warmed by radiation of heat from the sun. Radiant 
heat does not heat the air through which it paiises; 
it travels direct and in straight lines until intercepted 
when it is reflected or absorbed by the intercepting 
body. Absorption and radiation are equal and oppo- 
site. The better the absorptive power of a substance 
the better radiating material it would make. Lamp- 
black, which has absorbing and radiating powers 
rated at 100, is taken as the standard of comparison. 
In proportion as the reflecting power of a substance 
flimitiishes, its powers to absorb and radiate heat 
crease. 

The absorbing, radiating and reflecting capacities 
if various substances are given in Table VII. 

TABLE VII 
Maaammom ard kadutiok or kubbtamoms 



tod. poliBhai 



fl. (uflt, brrfht poliabi 
a, hunmcnd. bright 
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The significance of the values given in the fore- 
going table will better be realized when the radiant 
action which takes place in a refrigeration room is 
considered. The refrigerating fluid passing through 
the pipe coils keeps the pipes lowered to such a temper- 
ature that they are covered with frost. When a beet, 
for instance, is placed in the room a transfer of heat 
by radiation immediately takes place from the beef . 
to the refrigerating coils, and the rate of this transmis- 
sion of heat would depend somewhat on the material i 
of the pipe coils. In ordinary ammonia refrigeration 
practice the corrosive effect of the refrigerants used 
restricts the choice of pipe to that of iron, but if tin, . 
copper or brass were suitable otherwise, they would 
absorb less heat on account of the lower absorptive 
capacity of the material. On the other hand, the 
transmission of heat by conduction through the walls 
of the pipe to the refrigerating fluid within would be 
so much greater in the case of copper over cast or 
wrought iron that it would more than offset the lack 
of absorption of the material itself. 

In coating the pipes to keep them from rusting 
a mixture of carbonate of lead (ordinary white lead 
is a carbonate of lead), colored black with lampblack, 
would not decrease the absorptive capacity of the 
coils, and, on account of the high absorptive capacities 
of carbonate of lead and lampblack, 100 each, coils 
painted with them might actually be improved in 
absorptive capacity. 

Mechanical Equivalent of Heat.— The me- 
chanical theory of heat regards heat asa modeof motion, 
and investigation has shown that there exists a definite 





ilation between those two forms of energy, which is 
fcnowQ as the mechanical equivalent of heat, or Joule's 
'^uivolent. That is, if, as in the experiments of 
ijoule, a certain known amount of mechanical energy 
be expended, as, for instance, by the falling of a 
weight to operate paddles in a vessel of water, the 
increase in temperature of the water, due to agitation 
iby the paddles, will always be found proportional to 
the work done. This relation or proportion is ex- 
pressed by the amount of work necessary to raise the 
temperature of one pound of water at 62° Farenheit 
tiirough one degree at atmospheric pressure, or, in 
other words, impart one British Thermal Unit to the 
.•water. The heat necessary to raise the temperature 
of one pound of water from 62° to 63° temperature 
was found by Joule to be able to perform work equal 
to the raising of 772 pounds one foot in height. The 
latest experimental determination of Rowland shows 
that the exact value is somewhat higher than 772, and 
■77ii is the value now usually accepted as the correct 
mechanical equivalent. 

The application of the mechanical equivalent of 
iieat to refrigeration practice will be pointed out later 
pi explaining bow to determine the mechanical capac- 
ity or power required to abstract a given quantity of 
beat from stored products, or water that is to be con- 
Iperted into ice. 

Work. — Work is the overcoming of resistance 
encountered along the path of motion. Mere motion 
Hself is not necessarily work, but when a force pro- 
duces acceleration, or when it maintains motion un- 
changed in opposition to resistance, it does work. 
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Work, like all energy, can be measured by certa 
standards. The unit of work, or the measure of work, 
is the foot pound, which is the amount of effort c 
work required to raise one pound one foot vertically. 
For example, a man carrying a weight up a flight of 
stairs does an amount of work equal to his own weight,,— 
plus the weight of his load, plus the frictional resioi 
tance reduced to an equivalent weight, times tht 
vertical height of the st.airs. Thus, if the man weig 
200 pounds and carries a load of 100 pounds again 
a frictional resistance equal to 20 pounds up a vertic 
height of stairs of 20 feet, the work done would 1 
equal to (200 + 100 + 20) X 20 = 6,400 foot poundi 

The work of a machine can be determined in tht 
same way; a pump, for instance, raising a certjun 
weight of water a known height against the frictional 
resistance of the piping and overcoming the frictional 
resistance of its own parts, does an amount of woA ^ 
which can be reduced to foot pounds. The efforts a 
refrigerating machines and steam boilers, on the othei 
hand, which perform the work more by the applyi 
or abstracting of heat units than by the rating atm 
weights, can have the mechanical equivalents of heaw^ 
converted into foot pounds whenever necessary to d 



In all cases the amount of work performed c 
be found by the following rule: 

Rule. — Work always equals the force, or resist- 
ance overcome, multiplied by the distance through 
which it acts. If a weight be raised, the weight in 
pounds multiplied by the vertical height in feet of the 
lift equals the work in foot pounds. 
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Power.— Time is an element to be considered in 
judging the capacity of a machine. Work itself is 
independent of time, no consideration being given to 
whether it takes one minute or one year to perform it, 
but, in order to compare with a common standard the 
work done by different machines, time must be con- 
sidered. 

If one machine performs a certain amount of work 
in 10 minutes and another machine does exactly the 
same amount of work in 5 minutes, the second machine 
can do twice aa much work as the first machine in the 
same time. 

The horsepower is the common standard to which 
ail work is reduced. A horsepower is the work neces- 
sary to raise 33,000 pounds 1 foot vertically in one 
minute; or to raise vertically 1 pound 33,000 feet in 
one minute; or 11,000 pounds 3 feet in one minute; 
or 3 pounds 11,000 feet in one minute; or any other 
combination that will, when multiplied together, give 
33,000 foot pounds in one minute. 

Thus, the work done in raising 132,000 pounds in 
one-quarter minute is a horsepower, for 132,000 X 
.25 = 33,000 toot pounds, and raising 110 pounds 
vertically 5 feet in one second is a horae-power. for 
since in one minute there are 60 seconds, 1 10 X 5 X 
60 = 33,000 foot pounds in one minute. 

The abbreviation for horsepower is H. P. 

Kinetic Energy. — Energy may be considered as 
the ability of an agent to do work. Work cannot be 
done without motion and the work that a moving body 
is capable of doing in being brought to rest is known as 
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the kinetic energy of the body. The distinction be- 
tween kinetic energy and work, then, is this: a body 
moving with a certain velocity and meeting with no 
resistance is not doing any work, but has a certain 
amount of kinetic energy, capable of doing work, 
stored up in it, the amount depending on the velocity 
and mass of the body. 

The kinetic energy, then, means the actual energy 
of a body in motion. The work that a moving body 
ia capable of doing in being brought to rest is of exactly 
the same amount as the kinetic energy developed by 
it in falling in a vaccum through a height sufficient to 
give it the same velocity. 

If a weight be raised a certain height a certain 
amount of work is done equal to the product of the 
weight and the vertical height. If the weight now 
be allowed to fall it will do the name amount of work 
in foot pounds that was required to raise the weight 
to the height from which it fell, and this ability to do 
work is the kinetic energy of the weight. 

The kinetic energy of a body can be found by the 
following rule: 

Rule.— The kinetic energy of a body in foot 
pounds equals its weight in pounds, multiplied by the 
square of its velocity in feet per second, and divided 
by the constant 64.32, Expressed as a formula: 
WV 
K = — 
64.32 

In which : 

K = kinetic energy, 

W = weight in pounds. 

V =■ velocity in feet per second. 
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ExAJfPLE. — What is the kinetic energy of a ball 
weighing 50 pounds when traveling at a velocity of 
100 feet per second? 

SoLUTros, — Substituting the given values in the 
formula : 

WV 50 X 100' 

Kinetic energy = = = 7,773.63 

64.32 64.32 

foot pounds. (Answer.) 

It requires the same amount of work or energy 
to stop a body in motion within a certain time, as it 
does to give it that velocity in the same length of time. 

Potential Energy. — Potential energy ia latent 
energj-, or energy at rest. It is the energy which a 
body at rest is capable of giving out under certain 
conditions. A stone on the edge of a precipice has 
potential energy. If the stone should be dislodged 
BO as to fall to the ground below, during the fall its 
potential energy would be changing to kinetic energy, 
so that at the instant it struck the ground its potential 
energy would be wholly converted into kinetic energy. 
Further, at a point equal to one-half the height of the 
fall the potential and kinetic energies would be equal, 
At the end of the first quarter the potential energy 
would be three-fourths and the kinetic energy one- 
fourth; at the end of the third quarter the potential 
energy would be only one-fourth and the kinetic energy 
three-fourths. 

A pound of coal or a gallon of oil has a certain 
amount of potential energy. When the fuel is burned 
under a boiler the potential energy is liberated and 
changed to kinetic energy in the form of heat. The 
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kinetic energy of the heat changes water to steam, 
which in turn has a certain amount of potential energy. 
The steam, acting on the steam piston of a compressor, 
causes it to move through a certain space or length of 
stroke, compressing ammonia in the cylinder, thus 
overcoming a resistance, changing the potential energy 
of the steam into kinetic energy and thus doing work. 
Potential energy, then, is the energy stored within 
a body that may be liberated and produce motion, thus 
generating kinetic energy and doing work, and this 
potential energy may be in the form of weight or mass 
which can be set in motion, or heat which can be 
liberated from fuel, gathered from the rays of the sun 
or obtained by other means. 



Conservation of Energy. — In the economy of 
nature nothing is destroyed. Energy and matter 
might seem to disappear or vanish, but they have not 
been destroyed, they have only changed their forms. 
If a clock be put in motion the potential energy of the 
spring is changed to kinetic energy of motion, which 
turns the wheels, thus producing friction. The fric- 
tion produces heat, which dissipates into the surround- 
ing air, but still the energy is not destroyed; it merely 
exists in another form. The potential energy of coal 
and mineral oil was received from the sun in the form 
of heat, light and actinic rays, ages ago, and has laid! 
dormant ever since. 
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PNEUMATICS 
PBOPEETIES OF OASES 

of Gases. — In speaking of gases, 
those so-calleij permanent gases will 
understood which are in a gaseous state 
at ordinary temperatures and at atmoa- 
spheric pressure. If heated to a sufficient- 
temperature in a vacuum almost everything 
TO ewstence. whether liquid or solid, can be converted 
into a gas; and, conversely, every known gas, if sub- 
jected to sufficient pressure and low enough temper- 
atures, can be converted successively into a liquid 
and a solid- For the benefit of the subject under 
consideration, then, it may be considered that there 
is no permanent gas; that what we consider gases 
are like steam, the gaseous form of some denser liquid, 
and that the gaseous state at atmospheric pressure 
and ordinary temperatures is simply due to a lower 
boiling point than water, consequently a lower vapor- 
izing point than steam. That is particularly true of 
anhydrous ammonia, thr refrigerant most extensively 
used in ice making and mechanical refrigeration. 
36 
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At ordinary temperatures and atmospheric pressures 
or less, anhydrous ammonia is in a gaseous state. 
When, however, it is subjected to a great preaaure'or 
low temperature, or a combination of both, the am- 
monia is reduced to a liquid state. 

The foregoing properties, together with numeroua 
others which will shortly be explained, should be 
thoroughly understood, as they enter very largely 
into refrigeration practice. The coinpression and 
expansion of air, compression, liquiBcation and sub- 
sequent expansion of anhydrous ammonia, carbon 
dioxide, sulphur dioxide and other refrigerants, and 
the effects produced thereby, form the principal part 
of ice making and refrigeration. 



Pressure of Oases.— In refrigeration practice 
there are two pressures which must be coneidered, 
for both of them enter largely into refrigeration cal- 
culations. These two pressures are absolute pressure 
and gauge pressure. To understand the difference 
between gauge pressure and absolute pressure it must 
be remembered that the air presses upon the surface 
of the earth at sea level with an intensity, or weight, 
of 14.7 pounds per square inch, and pressure gauges 
intended to record ordinary pressures are calibrated to 
indicate not from the zero of pressure, but starting 
at the atmospheric pressure of 14.7 pounds. If, 
therefore, a pressure gauge registered 1 pound pres- 
sure, that would be 1 pound gauge pressure above 
atmospheric pressure. As a matter of fact, however, 
as everything is subjected to atmospheric pressure, 
when the gauge registers I pound pressure, the real 
pressure, above zero is 1 -|- 14.7 the atmospheric pres- 
36 
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Bare, or 15.7 absolute pressure. Absolute pressure, 
then, b the gauge pressure plus 14.7 pounds per square 
inch, and this distinction must be clear to the mind 
and not confused with absolute zero, explained in a pre- 
ceding paragraph. Absolute pressure and absolute zero 
are both extensively used in refrigeration calculations. 
The pressure of a gas, like the pressure of water, 
is transmitted in all directions, pressing upward and 
sidewise with an intensity equal to that with which 
it presses downward, A striking property of all 
gases is their extreme expansibility. If air or other 

in a tank be exhausted of all but the very smallest 
quantity possible, that small quantity will expand 
and fill the vessel. If that quantity be still further 
diminished it will still expand and fill the vessel. 
Ordinary pressure gauges, such as are used for indi- 
cating the pressure of steam and water, are used, like- 

>, for indicating the pressure of confined air, under 
pressure, and for other gases except ammonia. For 
ammonia gas, gauges of steel must be used, as the 
ammonia would destroy brass, copper or bronze 
parts. Barometers are used for indicating the pree- 
■ure of free air — that is, ordinary atmospheric air — 
vhich varies in pressure according to the altitude. 

Vacutim. — Ordinarily speaking a vacuum is a 
space devoid of matter — solid, liquid or gaseous. In 
speaking of a vacuum in refrigeration practice the 
degree of rarification of gas in a tank receiver or sys- 
tem of piping is understood. As was previously 
pointed out, the earth is enveloped in a sea of air, 
which bears down with an intensity of 14.7 pounds 
per square inch. If, now, a tanlc or system of piping 
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be made air tight, and the air within the tank or sya- 
tem partly pumped out, there would be less pressure 
inside the tank or system than there would be outside, 
and this condition would be known as a partial vac- 
uum. If all the air were withdrawn from the tank or 
system there would be an absolute vacuum within, 
but an absolute vacuum is impossible to produce. At 
all Events, for practical purposes, a partial vacuum is 
all that is necessary to be considered. As the pressure 
of the atmosphere is only 14.7 pounds per square inch 
and all of that pressure cannot be removed from the 
container, it follows, as a natural result, that a greater 
vacuum than 14.7 pounds cannot be obtained. In- 
deed, seldom will a greater vacuum than what would 
be considered 9 pounds absolute be required for am- 
monia systems, although for sulphur dioxide and sul- 
phate ether vacuums as low &s 5 and 1.30 pounds 
absolute might be required. 

Vacuum gauges are generally used to indicate 
the degree of vacuum within a tank or piping system. 
Sometimes, however, the vacuum is expressed as so 
many inches of mercury. To find in pounds per 
square inch the degree of vacuum it is only necessary 
to deduct the ioches of mercury given or stated fro 
30, and multiply by .49. 

This will be better understood by i 
that the atmosphere will balance a column of mercui 
30 inches high, in a perfect vacuum, consequent! 
when there is only a partial vacuum it will balanceg 
column of mercury 30 inches in height, less the amool 
of the partial vacuum. For instance, if the height ^ 
mercury in the column is 24 inches the pressure in i' 
vessel is 30 — 24 =6 inches of mercury. 
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In practice it is generally necessary to reduce 
inches of mercury to pounds per square inch, as that 
is the unit of measurement used for other pressures 
al>ove vacuum. This is a simple matter, for a column 
of mercury 30 inches high will balance a column of air 
weighing 14.7 pounds per square inch, therefore I 
inch of mercury will balance a column of air weighing 
1-30 of 14.7 pouudt^ per square inch, or .49 pounds 
per square inch. 

Rule. — ^Tien the atmospheric pressure and the 
pressure due to the weight of a column of mercury 
arc known the amount of vacuum is that due to their 
di£fereQce and can be converted into pounds per square 
inch by multiplying by .49, which is the weight of 1 
inch of mercury. 

Expressed as a formula: 
(C — e} = .49 

Id which: 

C = pressure of atmosphere which can be as- 
sumed, 30 inches of mercury at ordinary elevations. 

c = number of inches vacuum indicated. 

.49 = pressure per square inch of 1 inch of mer- 
cury. 

Example. — A mercury column shows a vacuum 
of 24 inches in a tank. What is the absolute pressure 
in the condenser? 

Solution. — Substituting the values given in the 
formula: 

30 — 24 = 6 X .49 = 2.94 pounds absolute. 
fAnswer.l 
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The specific heats of various gases, both at con- 
I Btant pressure and at constaot volume, caa be found 
I in Table \'III. 

TABLE Vm 

BPICtnC HZAT op OASES 



ADbTdnnisainiDoiiU.- .50800 .30 

aolp^ur diotide .I&.''>30 .12 

The specific heat of liquid ammonia is not defi- 
nitely known, the values given by different authorities 
varying from less than 1 to 1.228. In this work the 
le of 1 will be used (see Table IV), as that was the 
value adopted for refrigeration calculations by a com- 
mittee of the American Society of Mechanical Engi- 
neers appointed to suggest a standard tonnage basis 
for refrigeration, 

In the last column of the table the relation be- 
tween the specific heats of the gases at constant pres- 
sure and constant volume are given. These relations 
are expressed as ratios, and are obtained by dividing 
the specific beats at constant pressures by the specific 
heate at constant volumes. 

The specific heat of a gas is the ratio between 
the quantity of heat, in heat units, necessary to raise 
the temperature of one pound of gas through one 
degree of temperature and the quantity of heat 
required to warm an equal weight of water 1°. 
41 




Compressibility of Oas. — All permanent gases 
behave the same when liubjectt-d to pressure and are 
condensed or expanded certain definite amounts fOTtJ 
every pound of pressure applied or withdrawn. 
law governing the compressibility and expansibili^ 
of gases is known as Mariotte's Law and is as follow 

Mariotte's Law. — The lemperature remainil^ 
the same the volume of a given quantity of gas varies~ 
inversely as iHe absolute pressure. 

It will be noticed that in this law it is the abso- 
lute pressure, not the gauge pressure, that is considered. 

Interpreted or explained, Mariotte's Law means 
that if the pressure on a gas contained in a vessel be 
increased to two atmospheric pressures, which would 
be 14,7 gauge pressure, or 29.4 absolute pressure, the 
gas will be compressed to one~half its original volume, 
provided the lemperature of the gas remained un- 
changed. In this respect it must be remembered that 
the very act of compressing the gas would raise its 
temperature, so that to remain the same throughout 
the operation some heat would have to be withdrawiiiV 
Assuming, therefore, that the temperature remains th*)l 
same, if the pressure be increased to three atmospheni 
the air will be compressed one-third its original bul 
Increasing the pressure successively to four, five, i 
eight and ten atmospheres would compress the { 
successively to one-quarter, one-fifth, one-sixth, 
eighth and one -tenth its original volume. 

A law growing out of Mariotte's Law, that the 
temperature remaining the same the volume of a given 
quantity of gas varies inversely as the absolute pres- 
sure, is known as Boyle's Law, which is as follows: 
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Boyle'a Law. — The product of the pressure and 
volume of a portion of gns is constant, so long as the 
temperature is constant. 

Interpreted, this means that the product of pres- 
sure and temperature of a given quantity of gas will 
be the same if that gas be compressed or expanded to 
other pressures. For instance, if a tank nontaining 
100 cubic feet of gas be under an absolute pressure of 
14.7 pounds the product, of the volume 100 and pres- 
sure 14.7 pounds would be 1,470. If, now, the pres- 
sure on the ga.s within the tank be increased to 29.4 
pounds, according to Mariotte's Law the volume 
would be compressed to one-half the volume, or 50 
cubic feet. The product of pressure and volume then 
would be 50 X 29.4 = 1,470, which is the same as the 
original product of pressure and volume. This law 
is generally stated in the form of an equation, thus: 
PV = PiVi, in which P = pressure in pounds, abso- 
lute; V = volume in square feet. 

Knowing the original volume and pressure of gas 
in a tank or cylinder the second volume or second 
pressure can easily be obtained. The presaure after 
the first volume has been changed can be found by 
the following rule: 

Rule.— The new pressure of a given volume of 
gas, after it has been compressed, can be found by 
dividing the product of the original volume and pres- 
sure by the new volume. Expressed as a formula: 



PV 



Pi = - 
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In which : 

P = original absolute pressure in pounds per 
square inch. 

Pi = final absolute pressure in pounds per square 
inch. 

V = original volume in cubic feet. 

Vi = final volume in cubic feet. 

Example. — If 100 cubic feet of gas in a tank 
subject to an absolute pressure of 14.7 pounds abso* 
lute be compressed until it occupies only 50 cubic feefi 
of space, what will be the final pressure on the gas? 

Solution. — Substituting the given values in the 
formula: 

PV 14.7 X 100 

Pi — ™ =• 29.4 pounds pressure 

Vi 50 

absolute. (Answer.) 

In like manner, if it be required to determme t 
volume of gas after a change of pressure, it can be 
found by the following rule: 

Rule. — Divide the product of the original volume 
and pressure by the new pressure. The result will be 
the new volume. 

Expressed as a formula, in which the letters have^ 
the same values: 

PV 

Vi = 

P. 

ExAMi*LR.^ — If 100 cubic feet of gas in a tank ^ 
under a pressure of 14.7 pounds, absolute, has its 
pressure increased to 29.4 pounds absolute, what will 
be the final volume of the gas? 





Solution. — -Substituting the given values in the 
formula: 

PV 14.7 X 100 

Vi = = = 50 cubic feet. 

Pi 29.4 

(Answer.) 

iBothermal Expansion and Compression. — 

Isothermal expansion of gas is an expansion in which 
the temperature of the gas remains unchanged, and 
isothermal compression of gas is brought about with- 
out change of temperature of the gas, so that at the 
completion of the process, when the gas occupies the 
new state or volume, its temperature will be the same 
as when in the original volume it was subjected to the 
original pressure. All of the changes taking place and 
the values given in accordance with Mariotte's Law 
and Boyle's Law are isothermal expansions and con- 
tractions and values, for they are assumed to have 
taken place without change of temperature. 

Temperatures of Compression and Expan- 
sion. — In order to compress gas iaothermally some 
means must be provided to abstract heat, for when a 
piston is forced into a cylinder to compress gas con- 
fined there the temperature of the gas is raised. This 
increase of temperature is due to the fact that work 
is required to compress the air, and the work thus 
expended appears as heat, raising the temperature of 
the gas. On the other hand, when a gas is allowed to 
expand, the expansion of the gas lowers its tempera- 
ture, and to maintain a uniform temperature heat 
must be supplied from without. This heat which is 
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generated by the compression of gas aod the corre- 
sponding amount of heat lost by the gas when agtun 
expanded are taken advantage of in sanitary refrig* 
eration, as will later be explained. 



Eq>ansion of Oases. — Charles and Gay Lussac's 

Law states that when the pressure is constant all 
gases expand alike for the same increase of tempera- 
ture. For instance, suppose one cubic foot of gas be 
confined in a cylinder having a movable piston, weight- 
ed so that it can move in the cylinder as the gas ex- 
pands, but always keeping the confined gas under a 
constant pressure. If, then, the gas in the cylinder 
be heated 1° Fahrenheit, it will be found that the 
piston has movet) in the cylinder and the gas has 
expanded a certain amount. If the gas be heated 2° 
it will be found to have expanded twice as much as 
when heated 1°. If heated 10° it will be found to 
have expanded just ten times as much as when heated 
1°. Further, this expansion will be found practically 
the same whether the air is being heated from 32° 
Fahrenheit to 33° or when heated from 200° to 201° 
Fahrenheit. Similarly, for temperatures below 32° 
Fahrenheit, the contraction is in the same proportiofl 
for each degree of heat abstracted, 

The total amount of this expansion for the 18( 
of Fahrenheit between 32° and 212° Fahrenheit hai 
been found to be .365 of the original volume, or fol 
each degree .365 -^ 180, or .00203; or, expressed as a~ 
fraction, 1/492 of the volume of air at 32° Fahrenheit. 
This fraction, 1/492, or decimal, .00203, is known as 
the coffficient of expansion of air. 
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The foregoing may be summed up in the foilow- 
ing law of Gay Lusaac: 

Law. — // the pressure of a gas remains comstant 
the increase of volume per degree rise in temperature 
wil be 11432 of the volume at 32° Fahrenheit. 

From this it follows that when a gas is heated or 
cooled at absolute temperature the volume will be 
directly proportional to the absolute temperatures. 

The law of Gay Lussacs can be supplemented by 
two others, as follows: 

Law I. — All gases have practically the same 
coefficients of expansion at constant pressure as air, 
that is, 1/492. 

Law II. — This coefficient is the same whatever 
the pressure to which the gas may be subjected. 

These two laws are not absolutely exact, since 
they express the expansion and compression of gases 
approximately only. They are close enough, how- 
ever, for all practical purposes of refrigeration, for 
unlesa the gas is compressed to a very high pressure 
or cooled to almost the point of liquefaction, the laws 
will be found to be very nearly true. 

The fact that all gases have practically the same 
coefficient of expansion simplifies the subject, as the 
one coefficient can be used for any and all of the gases 
used in refrigeration practice. 

Adiabatic Expansion and Compression. — The 
word adiabatic means without transference of heat, 
and adiabatic expansion or compression of a gas means 
that the gas is expanded or compressed without trans- 
mission of heat to or from the gas. This would be the 
case were the compression or expansion to take place 
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in an absolutely non-conducting cylinder, which would 
not conduct heat nor permit the escape of heat bjr 
radiation. 

When a gas is compressed adiabatically the heat 
that is added to it by the work of compression cannot 
escape; consequently the gas will have a higher 
temperature than if it were compressed isothermally. 
That being true, and the heat added to a given 
weight of a perfect gas under constant pressure vary- 
ing directly as the absolute temperature, it follows 
that the product of pressure and volume at one stage 
of the compression will not equal the pressure and 
volume {PV = PiVi) at another stage, as is the case 
of isothermal expansion and contraction. On the 
contrary, the change of state or condition of adiabatic 
compression and expansion is expressed by the equa- 
tion pressure times the ibth power of the volume equals 
a constant. That is: m 

TV' = a constant ^1 

In which: ^1 

P = absolute pressure. ' 

V = volume in cubic feet. 

k = the ratio of specific heat at constant pres- 
sure to that at constant volume. The value of k, for 
different gases used in refrigeration, can be found in the 
last column of Table \^II, 



Liquefaction of Oases. — Most gases, by a com- 
bination of high pressure and low temperature, can be 
condensed to a liquid form. This principle is made 
use of in refrigeration practice and in compresMOn 
refrigeration systems the gas passes successively 
through a cycle of compression, liquefaction and a 
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pansion. In ammonia compression systems the am- 
monia is compressed, conducted into pipe coils over 
■which water flows, where it is cooled to the point of 
liquefaction. The liquid ammonia is then allowed to 
evaporate at a lower pressure in another system of 
coils, where it absorbs from the coils themselves and 
from near-by objects the heat required for evaporation, 
thereby lowering the temperature of those substances. 

There are several other liquids which produce a 
cooling effect, similar to that of anhydrous ammonia, 
when allowed to vaporize at low temperature; several 
of them which are used in refrigeration practice may 
be found in Table IX, 

The value of a vaporizing liquid in producing 
cold depends to a large extent on its latent heat and 
vaporizing point. In order to be of value as a refrig- 
erant the liquid must have a high latent lieat value and 
a comparatively low vaporizing point. 
TABLE IX 
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It will be seen by the table that anhydroi 
ammonia will vaporize at the exceedingly I*)*' l^i 
perature of 40° below «ero, and at the low pressure" 
of 10.69 pounds absolute, per square inch. Sulphur 
dioxide, the noxt in order, vaporizes at a temperature 
of 22" below jkto, and 5.5(3 pounds pressure, absolute. 
Carbon dioxide, likewise boils at a temperature of 22'| 
below zero, but at the extremely high pressure of 210 
pounds per square Inch, while Pectet'a fluid requires 
a pressure of 13.5 pounds, absolute, and a temperature 
of 4° t>elow !!cro. 
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At tbe present time almost all the sal-ammoniac 
and ammonia liquors are prepared from ammoaiacal 
liquid, a by-product obtained in the manufacture ot 
coal gas. 

Pure ammonia liquid is colorless, having a peculiar 
alkaline odor and caustic taste. It turns red litmus 
paper blue. Its boiling point depends on its purity, 
and is about 28 6/10° below zero at atmospheric pres- 
sure. Compared with water its weight, or specific 
gravity at 32° Fahrenheit, is about five-eighths of 
water, or .6364. One cubic foot of liquid amroonis 
weighs 39.73 pounds, one gallon weighs 5 3/10 pounds, 
and one pound of the liquid at 32° will occupy 21.017 
cubic feet of space when evaporated at atmospheric 
pressure. The specifiG beat of ammonia gas, as de- 
termined by Regnault (capacity for beat) is .50836. 
Its latent heat of evaporation, as detennined by the 
highest authorities, is not far from 560 thermal units 
at 32°, at which temperature one pound of liqtiiil, 
evaporated imder a pressure of 15 pounds per square 
inch, will occupy 21 cubic feet. 

At ordinary temperatures and at atmoepheric 
pressures anhydrous ammonia is a gas, and is reduced 
to its liquid form only by pressure, reduction of temper- 
ature, or both. At a gauge pressure slightly above 
15 pounds per square inch ammonia can be lique&ed 
at q temperature of 0° Fahrenheit. 

In Table X will be found the propertJes of 
saturated ammonia. This table is lacking in some 
of the data contained in Table XI, but is so muoh 
more full and complete as to properties under different 
temperatures that both tables are reproduced. 
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The values given in the table are for every degree 
I temperature from 40° Fahrenheit below zero to 
poo" above zero,- which includes the whole range of 
lemperatures likely to be used in practice. 

It might be well to point out here that saturated 
sitnonia means anhydrous ammonia in contact with 
bquid anhydrous ammonia, and is not to be confused 
with aqua-ammonia. 

For intermediate temperatures the corresponding 
values of the different properties can be found by 
interpolation. In addition to covering the whole 
range of temperature these tables give all the properties 
of saturated ammonia required to solve problems in 
refrigeration practice. 

Take, by way of explanation, one set of 
properties. It will be seen by the tables that at a 
temperature of 10° below zero Fahrenheit the ammonia 
is under an absolute pressure of 23.80 pounds per 
square inch, or a gauge pressure of 9.1 pounds per 
square inch. At that pressure and temperature each 
pound of ammonia possesses 561.61 heat units, which 
.will be utilized by vaporizing, thereby absorbing heat 
from surrounding objects, just as steam at the atmo- 
spheric pressure in condeosiug will emit or give up 
965.8 heat units. In either case the heat stated is the 
available energy to perform useful work. In like 
manner, at the stated pressure and temperature, one 
pound of vapor would occupy 11.385 cubic feet of 
^lace, .and each cubic foot of the vapor would weigh 
•78 pound, while the weight of a cubic foot of the 
iiid ammonia would be 41.135 pounds. 
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Example.— What is the total heat of 1 pc^und of 
saturated ammoma vapor at a temperature of 6" 
Fahrenheit? 

Solution. — Heat of vaporization, V, at 6° Fah- 
K-nheit = 551.81; heat of liquid, H, = 6 — 32 = 
— 26. Substituting those values in the formuls, then 
t = 551.81 -I 26 = 525. 81. (Answer.) 

Testing Anhydrous Ammonia for Water.— 
Anunonia liquid for use in a refrigcnil ion -system 
should be pure, and to make sure that no impure 
liquid finds its way into the system each flask of am- 
monia should be tested before using. To test a sample 



of ammonia for water by evaporation, screw into the 
ammonia flaak, as shown in Fig. 1, a piece of bent 
one-quarter inch pipe, which will allow a small bottle 
to be placed so as to receive the discharge from it. 
This test bottle should be of thin glass, with wide 
neck, so that 1-inch pipe may pass readily into it, and 
of about 200 cubic centimeters capacity. Put the 
wrench on the valve and tap it gently with a hammer. 
Fill the bottle about one-third full and throw sample 
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out in^rder to purge valve, pipe and bottle. Quickly 
wipe off tbe moisture which has accumulated on the 
pipe, replace the bottle and open valve gently, 6Uing 
the bottle about half full. This last operation shouJd 
not occupy more than one minute. Remove the 
bottle at once and insert in its neck a stopper with a 
vent hole for the escape of gas. A rubber stopper 
with a glass tube in it is the best, but a rough wooden 
stopper, loosely put in, will answer the purpose. 
Keep the bottle well wrapped up in dry cotton waste 
or several folds of cloth when drawing off the am- 
monia or the fingers are liable to become frozen. 
Procure a piece of solid iron that should weigh not 
less than 8 or 10 pounds, pour a little water on this and 
place the bottle on the wet place. The ammonia 
at once begin to boil, and in warm weather will 
evaporate. If it shows any residuum pour it oi 
gently, counting the drops carefully. Eighteen drops 
arc about equal to one cubic centimeter and if the 
sample taken amounted to 100 cubic centimeters, 
you can readily approximate the percentage of the 
liquid remaining, which will give you the percentage 
of impurity of the ammonia. Impurities of any kind, 
and to the least extent, interfere with the refrigerating 
efficiency of anhydrous ammonia by retarding its 
evaporating quality and by preventing its complete 
evaporation. As the ammonia is used over and over 
again in the process of refrigeration or ice making, the 
loss on account of the presence of impurities does not 
occur only once, but repeats itself ou each repetition 
of the cycle, thereby adding to the cost of operatii 
Some impurities, furthermore, might help decom] 
the ammonia and make it explosive. 



Great care is necessary in drawing off the sample 
and very little moisture in the bottle or in the pipe, 
or a brief exposure to the mr, will at once affect it. 

Test for Inflammable Oases. — Anhydrous 
ammonia is not of itself explosive, nor will it burn, but 
at high temperatures it might become decomposed 
into nitrogen and hydrogen, and the hydrogen, when 
mixed with the right proportion of air, will not only 
burn, but is explosive. Impurities in ammonia, when 
they exist, might assist the decomposition of the gas 
and add to the explosive ness of the mixture. 

To test ammonia for inflammable gases submerge 
the open end of the bent quarter-inch pipe, shown in 
the illustration, in a pail of water, then open the valve 
slightly, and allow a small quantity of the gas to 
' Sow into the water. If inflammable gases are present 
they will rise in bubbles to the surface of the water, 
where they may be ignited by the light from a match 
or candle; the presence of inflammable gas being 
indicated by its ignition and the absence of the gas by 
its failing to burn. 

Water has a strong affinity for ammonia, which 
it will absorb immediately, leaving only the air and 
other gases to rise in the form of bubbles to the 
surface of the water in the pail. 

Test for Boiling Point.— By inserting a special 
low-temperature standardized chemical thermometer 
into liquid drawn into the 8-ounce test jar, readings 
can be obtained through the side of the jar without 
removing the instrument. Hold the thermometer in 
such position that only the bulb is immersed. This 
test will give you the boiling point of ammonia at at- 




mospheric pressure, and itia well to know that the state 
of the barometer alTects the temperature of the boiling 
point. With the barometer at 29.92 inches the boiling 
point is nearly 28.6-10° below zero. If the ammonia 
is impure the boiling point will be raised in proportion. 
The foregoing are simple tests commonly used to 
determine the quality of the ordinarj' article furnished 
by manufacturers of anhydrous ammonia for use in 
ice making and refrigerating machines. 

CoiTosiveness of Ammoiua. — Ammonia has no I 
perceptible effect on iron or steel, but rapidly and 
energetically attacks and destroys copper and brass. 
For this reason no copper or brass is used in an ammonia 
refrigerating plant, the valves and other part« which i 
ordinarily are made of brass or copper being made of'l 
r steel. 
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^operties of Aqua Ammonia.—Aqua am- 
p, which in the absorption system of refrigeration 

Berally called ammonia liquor, is a solution of 

Dnia gas in water. 

It atmospheric pressure and 32° Fahrenheit 
erature, water will absorb 1,140 timea its volume 
tUnonia gas. Raising the temperature of the 
r, decreasing the pressure, or a combination of 
reduces the capacity of wafer to absorb am- 
k; while cooling the water and increasing the 
lire increases the absorptive capacity of the 
' for ammonia gas. The strength of am- 
i liquors or the percentage by weight of gas 
Q solution together with the corresponding 
tc gravities and strengths of the solutions, 
jiog to Beaum^ scale, may be seen in 
I XII. 

rhe amount of g&a held in solution affects 
«cific gravity of the liquor, and this dif- 
ft in specific gravity for different solutions 

a moans for measuring the strength of 
|Uor. The strength of a solution of aqua 
nia is determined by means of an instru- 

known as a hydrometer. A Beaum£ 
meter, which is used for determining'_the 
[c gravity of various liquids, is shown in 
i. It consists of a glass tube with a 
ler near one end and a bulb immediately 

the cylinder. This bulb is partly filled 
nercury and the tube above the cylinder 
duated so that when the instrument is 
Ito a solution it will stand upright and 




sink in the liquid a distance proportional to its 
strength and specific gravity, and the depth it eiziks 
is indicated by the graduated scale. 

There are two graduations used on hydroraet«r 
scales. The graduations are the same, but their values 
differ by 10, which accounts for the two eolumm 
devoted to the Beaum^ readings in the table. 

For liquids lighter than water the instrument is 
graduated by placing it in a solution of 10 parts salt 
and 90 parts water and marking the point 0" to which 
it sinks. The instrument is then placed in distilled 
water and the distance it sinks marked in like manner 
10°. Next the space between the two marks is divided 
into 10 equal parts, and these divisions are continued 
to the top of the stem. In the other graduation 
spoken of the reading for pure water is 0" instead of 
10°. 

A table is always necessary to determine from a 
hydrometer reading the exact percentage of ga.i in the 
water. For instance, if the hydrometer reading in the 
10 scale were 20.7, by consulting Table XH it would 
be seen that the percentage of gas was 18, and, eon- 
sequentiy, there would be 18 parts of gas by weight 
to 82 parts of water in the solution, with a specific 
gravity of .931. 



Properties of Carbon Dioxide.— Next to anhy- 
drous ammonia carbon dioxide is the most extensively 
used of (he remaining refrigerants. The greatest 
drawback to the use of this refrigerant is the tre- 
mendous pressures necessary to be maintained in the 
system, the pressures ranging all the way from 200 
pounds to 1,000 pounds per square inch. 
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Whereas ammonia will attack and destroj- bras 
and copper, carbon dioxide will not injure them. 
Ammonia is dangerous to animal life and destructiva 
to food products, when brought into contact with 
them through a leak in the piping system, while 
carbon dioxide is dangerous to life only when present 
in quantities greater than 8 per cent,, and is bene- 
ficial to many food products. 

The gas has a specific gravity of 1.529 at atmos- 
pheric pressure, and becomes a liquid at 124° below 
zero, Fahrenheit, or at 156° below the freezing point 
at that pressure. 

Carbon dioxide is artificially produced in pure 
form by means of combustion of chalks and magneaite 
or bj' means of the decomposition of marble with 
sulphuric or nitric acid. 

The critical temperature of carbon dioxide, that 
is, the temperature above which it cannot be liquefied, 
is 88.4° Fahrenheit. At a temperature of 32* Fahren- 
heit a pressure of 525 pounds absolute, per square 
inch, is required to liquefy the gas. 

Carbon dioxide is used in a compression refrig- 
eration system in much the same manner as ammoiUA 
is used. The pressures required, however, are much 
higher, but the temperatures produced are much 
lower. 

Sulphur Dioxide.— In ammonia and carbon 
dioxide, the two refrigerants commonly used in prac- 
tice have been described and their properties enumer- 
ated. The properties of sulphur dioxide and Pictet's 
fluid are given to make this work complete, and (or 
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whatever other us&s they might be put to — experi- 
mentally. So far as their present practical application 
is concerned they have but little. 

Sulphur dioxide is formed by the chemical union 
of sulphur and oxygen. It is a heavy gas, much 
heavier than air, having a specific gravity of 2.26 as 
compared with air at 1.0. The gas is colorless, haa a 
pungent, suffocating odor, resembling the burning 
sulphur of a common lucifer match. The gas condenses 
to a thin, colorless liquid when cooled to 14° Fahren- 
heit. This liquid has a specific gravity of about 1.49, 
as compared with water, and freezes at a temperature 
of ^105° Fahrenheit. 

Sulphur dioxide has practically no injurious effect 
. the material of which a refrigeration system is 
instructed, except, perhaps a possible effect on the 
ibri eating oils used. 

The properties of saturated sulphur dio.tide may 
e found in Table XIV. 

TABLE XIV 

imOFtKTISB or SATURATED BULPHUB DIOZIDK 
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I DETAILS OF THE COMPRESSION SYSTEM 



CHAPTER VI 



^THE COMPRESSOR 

and Characteristics of Com- 
JOrs. — The ammonia compressor ia 
I the most important element entering into 
I the make-up of a refrigeration system, 
i and IB about the only element that differs 
1 design among the various systems on the market. 
The various manufacturers of refrigeration sys- 
is will make apedal compressors to meet unusual 
I conditions, while at the same time they all have stock 
i and sizes both horizontal and vertical, and 
opeTated by steam, electricity or belt driven. In 
their main characteristics, all compressora agree. It 
is in their details that they differ. Ordinarily, com- 
pressors are made with as long a stroke as possible to 
8«t a comparatively high piston speed with the least 
fiumber of revolutions, and to cut down the clearance 
77 
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spaces as much as possible, for with a long strolie 
and small bore, there is less clearance space than when 
the piston has a short stroke and large bore. 1q 
practice the compressors generally have a stroke of 
at least double the diameter of the bore of the cylinder, 
while a stroke of two-and-a-half times the bore ia 
perhaps the best proportion. Good proportions for 
cylinders is to allow a displacement of 3^ cubic fee 
of ammonia gas at 25 pounds suction, or back pro 
sure, and 5 cubic feet displacement at 15 
suction pressure for single-acting compressors, 
ton of capacity, and 4 cubic feet at 25 pounds suctia 
pressure and 5i cubic feet at 15 pounds suction pre 
sure for double-acting compressors per ton of capacity 

Clearance Spaces. — In a well-designed ammu 
compressor the clearnace space when the compre 
piston is at the end of its stroke will be reduced to the 
lowMt possible limit. This is absolutely necessary 
for economic reasons, for whatever gas Is left in thi 
cylinder at the end of the stroke will expand as 1 
piston travels back, and will keep a correspond] 
amount of gas from entering the cylinder, there 
cutting down the capacity of the conpressor. Cle( 
ance losses should not exceed 2 or 2§ per cent. 
total cylinder volumes. This can be brought aboi^ 
by running the compressor with not more than 1/32 
inch clearance between the piston and the cylinder 
head. 



Clearance. — The piston is adjusted for clearai 
by removing one of the valves and placing a p 
fine wire, soft solder or a strip of -sheet lead on the e 
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of the piston, then turning the fly wh(?pl over until the 
piston has completed its stroke. The thickness to 
iHiieh the trial piece is flattened will indicate the 
amount of clearance. 



Beat of Cylinders Due to Compression.— In 

the compression of a gas, as was previously pointed 
out, the raechanical work of compression is converted 
into heat, which raises the temperature of the gas. 
Whon the temperature of a gas is raised, it increases 
'he pressure to correspond to the temperature, conse- 
<)ueatly, if the compressor be worked adiabatically, 
'ne capacity of the machine will be greatly reduced. 
Take, for instance, the case of an ammonia compressor 
"pprating adiabatically. The first cylinder full of gas 
IS compressed, but in doing so considerable heat is 
developed, part of which is absorbed by the cast-iron 
Walls of the cylinder, thereby raising its temperature. 
The next cylinder full of gas flows into a warmer 
receptaele than the first charge, consequently ia heated 
to a higher temperature and when compressed heats 
the cylinder to a higher degree than the first cylinder 
full: aad tliis process keeps on until the eylinder 
and gas are heated to a temperature, as high as they 
can be by the process of compression, and the capacity 
of the compressor cut down greatly. That is what 
Would happen if the gas were compressed adiabati- 
cally. As a matter of fact, the gas in a compressor 
Cylinder is not compressed adiabatically, but isother- 
maliy. It is far more economical to remove the heat 
of compression as fast as generated, and keep the 
temperature of the cylinder comparatively low 
throughout the compression, than to let the parts 
79 



Sanitary Refrigeration and Ice Makiii 

heat up and the gas expand from heat in the cylindr, | ^'^ 
and in practice this is accomplished by one of tiim 
methods known as the dry-compression or w&to- 
jacket system; the wet-compression or ammonuir 
injection system and the oil-injection S3rstem. 

Dry Compression. — Dry compression is so 
called because the cylinder and compressed gas ait 
kept comparatively cool without any cooling medium 
being injected into the cylinder. This is brought about 
by means of water jackets surrounding the compres- 
sion cylinders, which are kept full of water. In the 
case of vertical cylinders, the water jackets are simply 
tanks surrounding the cylinders, and high enough to 
cover the top or cylinder heads. The water jackets 
are open at the top and the water flows ofif by gravity, 
the overflow being at the top where the hottest water 
is. Horizontal compressors are generally water 
jacketed on the cylinder walls, only the heads being 
left unjacketed. 

In Fig. 6 is showTi the interior of a vertical single- 
acting ammonia compression cylinder. Ammonia gas 
flows through the inlet valve to the inside of the 
cylinder, and on the back stroke of the piston flows 
through the suction valve to the compression side. 
On the compression stroke of the piston, the gas is 
forced through the discharge valve into the outlet 
])ipe. On the top of the cylinder are two screw eyes 
for attaching to block and fall to remove the cylinder 
head; and where the piston rod passes through the 
stuffing box is an oil pocket and oil pipe, through 
w^hich oil is pumped or otherwise forced to keep the 
packing properly lubricated. 

80 
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Alioiit 1/5 of a gallon of water per minute is 
required, per ton of refrigeration effort, for circulation 
throug)! tlie water jackets of the compression cylinders. 
If the water is much above 60° Fahrenheit, a greater 
Allowance will be required. In the compression of the 
dry ammonia gas, there is at beat only an imperfect 
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transfer of heat through the thick cast-iron cylinder 
walls to the water in the water jacket, so that the gas. 
is discharged from the cylinder at a much higher 
temperature than that corresponding to its pressure. 
This superheating results in raising the temperature 
of the cylinder walls, cylinder heads, piston rod, valves 
and other parts to such a degree that the gas entering 
the cylinder on the suction stroke, and coming in 
contact with these hot surfaces, increases in volume, 
thus reducing the capacity of the machine, since a 
less weight of ammonia enters than would be the case 
if the gas wore maintained at the density at which it 
comes to the suction conduit. 

It is to try and avoid this loss that the wet com- 
pn^ssion and oil-injection methods are employed. 

Wet Compression. — In the wet system of com- 
pn^ssion a small portion of liquid ammonia is carried 
into the compression cylinder at the commencement 
of each compression stroke. This liquid ammonia 
begins to evaporate immediately, the same as it would 
in the (*x])ansion coils, and, absorbing heat from the 
ammonia gas raised in temperature by the compression 
of th(^ piston, keeps the temperature during compres- 
sion from rising to an excessive degree. The amount 
of licjuid ammonia injected is proportioned to the 
cooling offcH't to be produced so it will be just sufficient 
to kc(ip down excessive heat without cooling the gas 
too much. 

Oil-Injection Compression. — In the oil-injec- 
tion system of compression, a light parafine oil known 
as liquid base is injected into the compressor just 
after it has received its charge of cold ammonia gas. 

82 
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The interior of a vertical double-acting oil in- 
jection compressor cylinder is show-n in Fig. 7. Tbe 
ammonia gas returning from the expansion eoils entere 
the cylinder through the divided suction line, shown 
to the left, and the inlet valves, one at the top and 
the other near the bottom of the cylinder. While the 
gas on one side of the piston is being discharged, the 
space on the other side is filling with gas from the 
suction pipe. The discharge of gas from the lower 
end of the cylinder takes place simultaneously through 
the two discharge valves shown at the right-hand side 
of the illustration, until the parts leading to the vaives 
are covered by the descending piston. Any remiuniiig 
gas or oil is then discharged through the small piston 
valvps into a cavity within the piston which counecis 
with the upper discharge valve at the right. Oil is 
injected into the cylinder just before the corapressiott 
stroke, through a. pipe not sliown in the illustratit 



i 



ion<i^ 



By-Passes and Cross Cotmectiona. — By meanff' 
of a system of cross connections or by-passes similar 
to the one shown in Fig, 8, between the main suction 
and discharge pipes, the engineer in charge is enabled 
to exhaust the ammonia from any part of the system 
and temporarily store it in another part until the 
repairs or examinations have been made. The by- 
passes are likewise used for exhausting the compreasors 
themselves, before the heads are removed for examin- 
ation. By means of a system of cross connections in 
the piping system and the arrangement of pipes and 
valves shown, it is likewise made possible to reverse 
the action of the compressor and exhaust the ammonia 
from the condenser, storing it in the expansion coils. 
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After the examination or repair of any part, tbe 
air may be exiiaustetl therefrom and the charge of 
ammonia reintroduced without the admixture of air. 

By-pass valves are always kept closed while the 
refrigeration system is in ordinary use and are opened 
only when occasion requires. 
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The by-pass shown in the iliustxation is for a single 
machine; for a duplex compressor, a double cross 
oonnectioQ is necessary to exhaust from both the 
qrliaders at the same time, or so that one compress 
be used singly. The principle, however, is the 
; as for the single compressor, the amount of 
and valves only being greater. 
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Refrigerating Capacity and Ice-Making Cap- 
acity of Compressors.— MuL'h misunderstaading is 
caused among those not well versed in refrigeration 
and ice making by the terms refrigerating capacity 
and ice-making capacity of a compressor. An undei- 
standing of these terms will be quite easy, however, 
if the different functions of a system, ice making and 
refrigerating, be kept in mind. Previous to the intro- 
duction of refrigerating machinery, natural ice was 
the ouly means available for reducing the temperature 
of storage places, such as breweries and meat-packing 
establishments. Upon the introduction of refrige^ 
ating machinery it was at first used almost exclufiively 
to take the place of ice in such establishments, and if 
a refrigerating machine affected the same amount of 
cooling in twenty-four hours aa was accomplished by 
the melting of 100 tona of ice in the same time, the 
machine was rated aa a 100 ton machine. The refrig- 
erating capacity takes into account only the heat 
absorbed in the conversion of ice into water at 32° 
Fahrenheit, or, what would be the equivalent, the 
freezing of water at 32° Fahrenheit into ice. In ice 
making, however, the water from which the ice is to 
be made must be cooled from its ordinary temperature 
to 32° Fahrenheit as well a6 frozen into ice. Besides, 
the average temperature of the ice when it leaves the 
freezing lank is much below 32°, and this imposes still 
more extra work on the refrigerating capacitj-of theice 
machine. Then there are losses from the absorption of 
heat through the walls of tlie freezing tanks, from har- 
vesting and other causes. Take for instance a 100 ton 
refrigerating machine rated at 25 pounds back pressure. 
If operated at 15 pounds (which would be necessary in 
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■ making), with other conditions unchanged, the 
Kfrigerating capacity would be reduced to 75 tons. 
This ia because the refrigeratiDg capacity of a com- 
pressor depends on the number of pounds of ammonia 
{as which the compressor can take from the refrigerator 
Soils and discharge into the condenser in 24 hours, and 
the weight of ammonia handled varies directly as the 
Absolute back pressure. As the temperatures required 
llor ice making are much below 32° Fahrenheit, varying 
ren 15° and 0° Fahrenheit, it is necessary to 
^>erate the compressor under a back pressure much 
kIow 25 pounds — say, from 15 to 20 pounds — while in 
refrigeration, temperatures are generally above freea- 
lug, which allows a back pressure in the suction pipe 
'of 25 pounds. This lower back pressure in ice making 
consequently reduces the actual refrigerating capacity 
of the compressor to much below its rated capacity. 

Tonnage Capacity of Compressors. — The 
question aa to what shall conetilule the unit of refriger- 
ation as applied lo the actual operating capacity of the 
refrigerating compressor, and how this is to be accurate- 
ly determined or measured, has been the subject of 
much discussion during the past several years among 
those interested in this class of machinery. Up to the 
present time, however, no definite unit has been abso- 
lutely adopted, though it is conceded by the trade that 
the refrigerating capacity of a compressor depends upon 
the number of pounds of gas it will handle in a given unit 
of time. The weight of ammonia gas handled depends 
Upon the efEciency of the compressor and particularly 
upon the suction pressure, or the pressure at which 
the gas is delivered into the compreasor. 
87 
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The density of ammonia gas varies approxitnntelj' 
as the absolute pressure, in conscq_ucnce of which the 
refrigerating capacity of a given compressor varies 
directly with the absolute suction pressure, therefore 
a compressor working under a suction pressure ol 
30 pounds will have approximately 50 per 
greater capacity than one working under 15 poi 
gauge pressure. 

To determine the net amount of refrigerati 
resulting from the evaporation of one pound of liquid 
ammonia at a given back pressure, it is necessary to 
make a deduction from the latent heat of evaporation 
at that pressure for the energj' expended to cool the 
ammonia itself from the temperature at which it 
enters the evaporating coils to the temperature at 
which evaporation occurs. 

The temperature at which the ammonia enters 
the evaporating coils should be but very little higher 
than that of the water flowing away from the ammonia 
condenser. In Table XV is given the number of 
cubic feet of ammonia gas that must be pumped per 
minute at difiterent condenser and suction pressures 
to produce one ton of refrigeration in twenty-four 
hours. The values given in this table are theoretical 
and it is assumed that the temperatures of the am- 
monia entering the evaporating coils corres] 
to the temperatures of condensation and the pi 
given. 

Consequently no allowance is made for the 
avoidable losses. The unavoidable losses, however, 
make it necessary to add about 20 per cent, to the 
theoretic values in order to determine the ordii 
commercial rating of a compressor. 



r to determine the ordinai;|;_ 
ompressor. |H 




To detennine the net refrigerating effect of a com- 
pressor then, it is necessary to know or determine: 

1. The suction, or back, pressure. 

2. The temperature at which ammonia enters 
the refrigerating coils. 

3. The percentage of allowance to cover unavoid- 
able losses. 

In the operation of a plant the following condi- 
Jions will be found to represent fairly average prac- 



With back pressure of 15.67 pounds gauge at 
which pressure ammonia evaporates at 0° Fahrenheit; 
condensing water at 60", which gives the ammonia 
liquid a temperature of about 65° Fahrenheit; under 
these conditions H requires the handling of about 
7,500 cubic inches or 4.28 cubic feet of gas per minute 
to produce the effect equal to the melting of one ton 
of ice in twenty-four hours. 

In Table XVI is shown the refrigerating effect 
in British thermal units of oue cubic foot of ammonia 
gas at different condenser and suction pressures. 

It will be noticed that the lower the pressure, 
the lower the refrigerating effect of a cubic foot of 
the gas. This is, because, as previously pointed 
out, the greater the suction pressure the denser is 
the gas, and the more gas in a cubic foot of space, 
of couree, the greater the amount of specific heat 
It will hold or carry. It will be further observed 
that in order to maintain low temperatures, the 
suction pressure must of necessity be kept low, and 
this necessitates the liandling of a greater amount 
of gas than when higher temperatures will suffice. 





AMMONIA CONDEKSERB 

m m 

tTHOSPHEBIC Condenaers.— When 

the ammonia gaa leaves a compressor 
cylinder, in spite of the /aet that a water 
jacket, wet compression or oil injection 
was employed to keep it cool, it will flow 
into the discharge pipe at a temperature considerably 
above 100° Fahrenheit. Before the gas can be used in 
the refrigeration system it must be liquefied, and to 
liquefy the gas requires a withdrawal of heat. Heat is 
withdrawn from the gas in practice by means of con- 
densers which bring the gas in contact with water- 
cooled pipes. 

The most common type of ammonia condenser 
is the atmospheric condenser shown in Fig, 9. In 
this tj'pe of condenser the gas enters the coil at the 
top, flows along the upper loops of the coil until 
cooled enough to condense, when in its liquid form it 
paitses to the lowest loop of the coil and out through 
the liquid pipe to the liquid tank or receiver. During 
the time the condenser is in use, a thin film of water 
is flowing over the outside surface of the pipes to keep 
them cool and carry off the excess heat of the a 
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Water Spreader for Condensers. — One of the 

most difficult things about the operation of an atmos- 
pheric condenser is to get a uniform and satisfactory 
distribution of water over all parts of the coils. Vari- 
ous devices have been tried for this purpose, some of 
which are more satisfactory than others. Perforated 
iron pipes are all right when first put in, but there is a 
tendency for some of the perforations to clog, thereby 
shutting off the water from portions of the condenser. 
Slotted pipe is more satisfactory than perforated pipe 
for the reasons that it is less liable to clog, and it 
allows the water to overflow along the entire length 
of the supply line. In Fig. 10 is shown one means of 
providing an even distribution of water to the conden- 
ser coils. A trough is formed into which the condens- 
ing water is allowed to flow. The top edges of this 
trough are perfectly level so that water will overflow 
the edges uniformly along its entire length, and a saw- 
tooth edge provides a better "drip" than would an 
ordinary straight edge. The illustration shows the 
water trough in its proper relation to the coils, the 
support on which the coils rest; and at the bottom of 
the support are a couple of loops of the condenser 
coils. An air or blow-off valve is placed at the highest 
point of each stand of a condenser through which to 
empty air from the coils. 

Batteries of Atmospheric Condensers.— A 

single condenser coil would have capacity enough only 
for the smallest of refrigeration or ice-making plants, 
consequently, when a large plant is installed, the con- 
densers must be arranged in batteries. A battery of 
atmospheric ammonia condensers is shown in Fig. 11, 
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and consists simply of several stiuids of condensers 
grouped together and connected with inlet and out- 
let headers. Each stand of the condenser coil is 
independently valved between the inlet header and 
the outlet header so that it can be cut out of sen'ice 
for examination and repairs, or to cut down the 
capacity, without interfering with the other stands or 
coils of the battery. The loops are given a slight fall 
of about 1 inch in 10 feet to allow all the condensed 
ammonia to flow freely to the outlet header. 

The size, dimensiona weights, capacities and like 
data regarding atmospheric condensers can be found 
in Table XVII. 
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Counter- Current Atmospheric Ammonia 
Condenser.' — In the ordinary atmospheric ammonia 
condenser, in which the hot ammonia gas enters the 
top loop or pipe of the coil, the hottest gas and the 
coolest water come in contact with the same part of 
the coil. The result is, when pa.'ssing through the 
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lower loops of the coil, the liquid ammonia is in con- 
tact with pipe over which the heat«d cooling water is 
flowing, consequently it leaves the condenser at a 
higher temperature than though the direction of 
flow were reversed. 

In the counter-current atmospheric condenser 
sbown in Fig. 12 the hot gas is introduced at the 
1>ottoni, instead of the top, so that it comes in contact 
■with the hottest pipes in the coil, and as it flows up- 
ward comes successively in contact with cooler pipes 
until, when it reaches the top pipe in the condenser, 
the already chilled liquid or gas is in contact with the 
coldest part of the coils. Naturally, by this arrange- 
ment, the ammonia is cooled to a lower temperature. 
Dtip pipes are provided at every other return 
bend, to allow the liquid ammonia to flow away at 
its condonsing temperature. The drips thus keep the 
coils free of liquid without forcing the condensed 
■mmonia to flow back against the current of the gas. 

SiZQ of Atmospheric Condensers.^Ammonia 
'eondensers are generally made of 2-inch pipes, al- 
though Ij-inch and l§-inch pipes are likewise used. 
It has been found in practice that the temperature of 
-the cooling water flowing over the coils rises until 
about the eighteenth pipe is reached, when the water 
.lifts absorbed about all the heat it economically can. 
It is evident, therefore, that for condensing purposes 
it is useless to build a condenser much over 18 pipes 
deep. Ordinarily atmospheric condensers are usually 
made 20 feet in length and with 18 pipes in the coils. 
Wliea abnormally warm condenser water must be 
used, however, coils of 24 pipes are commonly used, 
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Capacity of Atmospheric Ammonia Conden- 
n. — ^It is a rule established in refrigeration practice 
) allow 24 square feet of condensing surface per ton 
' refrigerating capacity, when operating with a cool- 
g water temperature of from 58° to 70° Fahrenheit, 
wenty-four square feet is equivalent to approxi- 
Ately 38 lineal feet of 2-inch pipe, 48 lineal feet of 
^inch pipe or S5 lineal feet of IJ-inch pipe; and 
do amount of surface must be supplied for each ton 
' refrigerating capacity. 

Water Required for Atmospheric Condensers. 
-The amount of water used for condensing the 
umonia in the condenser coils depends upon the 
Bnperature of the cooling water and the exposure 
' the condenser. Ordinarily, surface condensers re- 
Oire from 2} to 3 gallons of water per minute per 
IS of refrigerating effort in very hot weather, when 
te water is likewise warm, whereas, with cool water 
om 50° to 60" temperature, 2 to 2} gallons per 
inute would probably be sufficient. 

Surface condensers are the kind most commonly 
led when they can be placed on a roof or in an open 
(Om where there is a free circulation of air. Owing to 
leir economy of water, and the cooling effect of 
taporatioQ of the thin film of water flowing over the 
fib, they are considered very satisfactory and fairly 
onomicol. 



Double-Pipe Ammonia Condensers. — In the 
loling of ammonia by means of atmospheric conden- 
pl, the condenser must of right be placed on the 
Htf or located in an open room of a building where 
101 
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the air can circulate freely, for evaporation of the 
water used in cooling has much to do with tbe efficiency 
of the condenser. It is not always possible or conveni- 
ent to so locate a condenser, however, and, besides, 
it is oft-en desirable to locate the condenser in a room 
where water flowing over tbe outside of the pipes 
would he objectionable. Under such conditions, a 
double-pipe anunonia cooler similar to the one shown 
in Fig. 13 may be used. This is a double-pipe eoU 
made up of one pipe inside of another, with a space 
between the two pipes for the ammonia to circulate. 
The outer pipes are 2 inches in diameter, and the 
inside pipes 1} inches in diameter, thus leaving an 
annular space of about one-sixth inch between the 
two pipes. 

The ammonia gas is admitted to the outer pipe 
at the top and the water supply to the inner pipe at 
the bottom of the condenser coil. This gives a down- 
ward flow to the ammonia, and an upward flow to the 
water, bringing the warmest gas in contact with the 
pipe containing the warmest water, and the coldest 
gas or Uquid in contact with the pipe containing the 
coldest water. The liquid gas consequently flows 
from the condenser at the bottom at about the same 
temperature as that of the water supplied. 

Submersed Ammonia Condensers. — A sub- 
merged ammonia condenser, as may be seen in Fig. 
14, consists of a water tank, open or closed, in which is 
submerged an ammonia coil. The incoming ammonia 
gas enters the coil at the top, where it is in contact 
with the hottest part of the submerged coils, passes 
downward through the spirals to the outlet in the 




ned for the coils, and 30 square feet of surface is 
jttlowed for each ton capacity of the machine. The 
polls seldom exceed 350 feet in length. 
II Submerged condenser tanks are deep rather than 
■ride, so the circulating water which enters at the 
bottom and overflows at the top vrill have an oppor- 
tunity of reaching a high temperature and carrying 
Ibff the maximum amount of heat when leaving the 
jfeauk. 

The water consumption of a submerged condenser 
^rill depend upon the temperature of the water. 
'With condensing water at 60° Fahrenheit, 2} to 3 
gallons of water per minute per ton of refrigeration ia 
considered a fair allowance. The water inlet to a 
submerged condenser is generally through a perforated 
.pipe or spreader to insure the cold water being brought 
into contact with the ammonia coils. 

Submerged condensers are not commonly used 
on account of the cost. For special cases, however, 
they are found very satisfactory. 

Functions of Ammonia Condensers. — A plen- 
tiful supply of coid water is more than desirable, it is 
jliecessary, for the ammonia condensers, for on the 
"temperature to which the ammonia is cooled depends 
the efficiency of the plant. This statement can be 
better understood by considering just what takes 
place in the condenser. 

From the liquid tank the liquid ammonia passes 
through an expansion cork to the refrigerating coils, 
"Here the ammonia becomes heated, and must be re- 
icoolcd before it is available for further work. The 
ilprocpss of compressing heats the gas still more, so that 





when it reaches the condenser it coiitaina all of the heat 
stored up in its cycle. This heat must be got rid of and 
it is by the condensing water that the heat is finally car- 
ried off from the sytem, so that, just as the fire box is 
what supplies heat to a heating sj'stem, conversely the 
condenser is the "boiler" that carries off heat from a 
refrigerating system, and the amount of cooling effort is 
proportioned to the amount of 
heat, carried off by the wat«r. j 

Liquid Ammonia Be- 
ceiver.— From the condenser 
coils the liquid ammonia flows 
to a liquid-ammonia receiver 
to be stored until called upoSiH 
for use. A liquid-ammonia n 
ceiver is shown in Fig. 15, and 
consists simply of a WTOught- 
iron or steel cylinder with 
screwedandsolderedorwelded , 

The smaller sizes a 
made vertical, and the lai 
sizes are usually made horilg 
zontal and are reinforced n 
wrought-iron bands shrunk oi 
The receivers are hollowinside,! 
and stand only part full of 
liquid ammonia, the sight glass 
at the side near the bottom 
showing the height of liquid in 
the receiver. The Uquid entere 
the receiver at the top usually 
by offsetting the 
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pro'viding a scale pocket at the foot of the line to trap 

out any iron scales carried aJong with tbo liquid. 
I From the outlet at the bottom of the receiver the 

liquid flows to the expansion valve. 
I Stock sizes and capacities of liquid ammonia 

I receivers may be found in Table XVIII. 

Liquid ammonia receivers generally have a 

storage capacity of one-half gallon for every ton 

capacity of the plant. 



TABLE XVIII 
SIZES AND CAPACITIES OF AMUONIA RECEIVERS 



Lmgth mfeet. 

DUmeler in io 



10{ 12, IZ IS 12 IS IS 
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12 10 12 ui i: 
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The ammonia in a receiver has been liquefied 
by cold and pressure, and ia order to keep it in the 
liquid state both pressure and the eorresponding 
temperature must be maintained. In practice, 
therefore, the liquid ammonia tank ia covered with 
some good non heat conducting material to pre- 
vtot the absorption of heat from surrounding ob- 
jects. This is necessary as ordinarily the receiver 
is located in the engine mom which is heated to a 
comfortable degree by the movement of the machin- 
ery and the steam supplying the engine and pump. 

It is well a practice to so connect the feed line 
to the liquid ammonia tank that scales or the frozen 
objects cannot fall into the tank or be carried there 
107 
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by the liquid ammonia from the condenser. The 
expansion valves from the liquid ammonia tank 
to the various coils are small, some of them needle 
valves with very small passage ways, and if scala 
should lodge in them it would be liable to obstruct 
them completely. 

So the amount of liquid ammonia on hand at 
all times can be told at a glance, a gauge glass ia 
attached to the receiver near the bottom, thus per- 
mitting tbe engineer in charge to see when the liquid 
ammonia is getting low. 






EXPANSION VALVES AND COILS 

m m 

{XPAKSXON ValTe.~In Fig. 16 is showD 
ft sectional view of an expansion valve. 
The particular features of this fitting 
which distinguish it from other types of 
angle valves are its great strength, extra 
deep packing box around the valve stem, cone-shaped 
Beat and valve and small inlet for the liquid ammonia. 
While this illustration shows an angle valve, a globe 
pattern can be used, or ground key cocks may be used 
instead of valves. The choice of fitting used depends 
to a great extent upon the designer of the refrigerating 
plant. As was before pointed out, brass valves can- 
not be used in an ammonia system of refrigeration, 
■8 the ammonia would soon destroy the alloy. Iron 
Valvea arc generally used instead. 

Expansion Coils. — The expansion coils are to a 
lefrigeration system what the radiators are to a steam 
Byetem of heating. It is through the expansion coils 
thai heat is abstracted from an enclosure, and, con- 
rersely, through the medium of radiators that heat is 
Hipplied to an enclosure. The functions are the same, 
Imt the operations opposite. 




Direct -ex pans ion ammonia coils are shown located 
in a cold-storage room in Fig. 17. The illustration 
shows the coils extending around only three sides of 
the room, whereas they may and no doubt would be 
carried around ail four sides. In some cases they would 
likewise be placed under the ceiling, and in special 
cases multiple coils of six rows 
or more would be suspended 
from the ceiling. The coil 
shown in this etching is a 
continuous one. As a matter 
of fact, in large storage spaces 
several separate coils would 
be used, each provided wiUi 
its own expansion valve and 
discharge valve so that any 
one or all of them could be 
cut out of sen-ice when occa- 
sion required. As the coldest 
air in a room will always be 
ftiiind near the floor line and 
I III' hottest near the ceiling it 
is lulvisable to place the top 
round of the top coil with! 
a few inches of the ceilin^'a 
space being allowed only foi 
the accumulation of ice < 
the pipes. 
Drip troughs are generally run under the low 
pipe in the expansion coil to catch the melted froi 
when ammonia is shut off from the coils. 

These drip troughs discharge into a barrel, bafc^ 
for sanitary reasons, as well as to avoid freezing c 



rain pipes where they pass through freezing rooms, 
Ve not discharged into the drainage system. 

' Supports for Direct Expansion Coils. — Cooling 
ooilS) whether the direct expansion ammonia coils or 
brine circulation pipea, should be kept free from the 
walls 3 inches or more to allow space for the air to 
circulate around them, even when the pipes are 
I bedded in ice, as they generally are. The manner in 
■ -which cooling uoils are attached to side walla is shown 
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I In Fig, 18, Kpe rests, spaced the right distance apart, 
are simply attached to an offset bracket, which holds 
the rests the right distance from the walls. The 
illustration likewise shows how the pipes become 
bedded in ice, the ice sometimes accumulating to such 
an extent that it runs together, binding all the pipes 
of a coil into one mass. Occasionally the ice bedding 
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had for pipes running at any angle to the beams. 

Where several coils are to be supported from (lie ceil- 
ing, they may be arranged as shown in Fig. 20, This 
is a simple but satisfactory method, and one com- 
monly resorted to. 
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Size of Direct-Expansion Coila. — The pipes 
Tised in direct-expansion ammonia coils range in size 
from I inch to 2 inchea in diameter, with an average 
of IJ inch in diameter. 




The coils are made with large sweeping return 
bends, and the pipes are preferably joined together 
vith pipe welds. In the direct-expansion system of 
tefrigeratiou, 5,000 feet of H inch pipe can be used 
in one coil and fed with a J-inch liquid ammonia feed 
line. There are known cases where as many as 8,000 
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feet of IJ inch pipe have been worked in one coil, but 
it is not safe to go beyond 5,000 feet, for in doing so it 
would probably require so much liquid in the lilsitjH 
that it could not be expanded properly, and the feetf^| 
end of the coil would begin to thaw. This is likeJjT'V 
to happen in any size coil when too large a volume of 
liquid is allowed to enter at once. 

While 5,000 feet of Ij inch pipe can be suppli«l 
at one time, in practice it is customary to divide up 
the total amount of direct-expansion piping into coils 
of from 300 lineal feet to 1,500 lineal feet, according 
to the size of the rooms. The dividing up of tiie 
expansion pipes into small coils not only ensures tli^ 
highest efficiency of the coils, but it furthermor"^ 
makes possible the regulation of temperature withi*' 
the storage enclo.suro. so that any temperature frot** 
0° to 5.5° Fahrenheit, which covers the whole range i>* 
ordinary refrigeration, can be maintained, provide*^ 
there is sufficient pipe surface in the coils. The ton*^' 
peratures desired in the storage of various foodstuffs 
can be found in Table XIX. 



Capacity of Direct-Expansion Coils.— Th^ 

work to l}e performed by expansion coils in [■arr>in^^ 
off heat from an enclosure vary so that no certai*^ 
amount of piping or radiation can be determined a-^ 
for steam heating, and that amount of surface l»^ 
depended upon to take care of all conditions. Fo*" 
instance, an enclosure might be almost empty om*? 
hour, and the next have stored within it tons and toris 
of gootis at ordinary temperature, which must be 
chilled to the temperature of the room, and maintained 
at that tempt'rat uro. ThiM would neccsMitate the 
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bringing into service of all the coU surface in the room 
until the stored products were chilled, with a corre- 
sponding increase in the work of the compressor and 
condenser. After the goods were chilled, the amount 
of coil surface in use could be gradually cut down 
until only enough remained to keep the storage com- 
partment at the right temperature. It is for this 
reason, as pointed out before, the total pipe sur- 
face is divided up into coils. 

In determining the Bize of direct expansion coils 
required empirical rules are largely followed, the 
capacity in feet of coil being proportioned to the 
cubical contents of the room and the purpose for 
which the room is intended, which, in turn, determiuea. 
the temperature of the room. The following pro — 
portions are the ones commonly followed in practice — 
for high temperature work, such as breweries, packingg 
houses and like places where the temperature to b^ 
maintained is above 32° Fahrenheit, I lineal fool »£ 
li inch pipe is allowed for every 16 cubic feet of space 
within the enclosure. For freezing rooms to be kept 
at a temperature of 15° Fahrenheit, 1 lineal foot o/ 
IJ inch pipe is allowed for each 6 cubic feet of space, 
and for a temperature of 7° Fahrenheit, 1 lineal foot 
of 1 1 inch pipe is allowed for each 3 cubic feet of space 
in the inclosure. 

These allowances are based on a back pressure 
or suction pressure, of 15 pounds per square inch, 
which is equal to a temperature of 0° Fahrenheit. 
If the back pressure to be carried were 30 pounds, 
double the amount of expansion coil would be required, 
while if the back pressure were or 1 pound only half 
of the amounts stated would be required, 
116 



Size of Feed and Return Mains.— In Table 
XX can l>e found the sizes of main feed and return 
pipes for refrigeration plants of various tonnages. 
TABLE XX 
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The »zes given in the table, it must be remember- 
™i are for refrigerating — not ice making — tonnage, 
and are the smallest sizes that 
can be used for the purpose. 
They are ba^ed on a gas velocity 
of 80 feet per second, and a 
length of travel of 100 feet. If 
the distance be increased to over 
100 feet, or the velocity of the 
gas be less than 80 feet per 
second, the pipes given in the 
tables should be increased to 
the next larger size. 

Oil and Scale Separa- 
tors. — In Fig. 21 is shown an oil 
and scale separator. These are 
used on the suction line from the 
direct expansion coils to the 
compressor, for the. removal of 
scales, oil or any other foreign 
matter that may be taken up 
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While extra-strong pipe is commonly used for 
ammoaia refrigeration purposes, there are occasions 
where double-extra-strong pipe is used, and in car- 
bonic anhydride refrigeration systems, where extreme- 
ly high pressures are necessary, double-extra-strong 
pipes are commonly used. Tlie sizes and dimensions 
of douliie-extra-strong pipe can be found in Table 
XXIII. 

The outside diameters of the corresponding sizes 
of standard, extra-strong and double-extra-atrong pipes 
arethesame, consequently the boreof the heavier-weight 
pipes must t>e smaller than the bore of standard- 
weight pipes of like sizes. The difference is not of so 
much importance in large-size pipes, but for the smaller 
sises increasing the weight cuts down the capacity 
more than would be expected. For instance, the cross 
sectional area of a J-inch standard-weight pipe is .3048 
square inch; of a J-inch extra-strong wTought pipe 
.231 square inch, and of a ^-incE double-extra-strong 
wrought pipe only .047 square inch, or only about one- 
fifth the area of the extra-strong pipe. 

Wrought pipe can be had for refrigeration pur- 
poses galvanized both inside and outside, or galvan- 
iied only on the inside or outside as desired. 

Joints (or Eefrigeration Piping.— It is of the 
utmost importance to itave all the piping around a 
refrigeration plant perfectly tight, for ammonia has 
an injurious effect upon many stored products; mixed 
with air in certain proportions it is explosive, and it 
is injurious to health if inhaled, while prolonged 
inhalation of a strong mixture will cause death. On 
account of the importance of maintaining a perfectly 
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tight piping s>'ste[ii, tLe ordinary screw joints and 
conunoD w&ter and sleam fittings of romroeive &re 
not used for the ammonia circulation sj^tem or tbe 
brine system in refrigeration work, but special fittiDgs 
witii improved joints are used for this purpose. A 
split ammonia bend wbich shows a feature comnion 
to all ammonia fittings may be seen in ilg. 22. This 
fitting is threaded like ordinary' 
fittings, but differs from them in 
this respect, that at the point 
marked a there is a recess wbich 
forms an annular space around the 
pipe when the pipe and fitting are 
screwed together. This annular 
recess, or space in some form or 
other, is common to ammonia fittings, the manner id 
which it is utilized only differing in different methods. 
One of tbe most common methods is to use this recese 
in connection with a packing of rubber, and a gland 
similar to the one shown in Fig. 23. The manner of 
making tight a pipe joint by means of 
a gland is shown in Fig. 24. The am- 
monia fitting with which the gland it 
to be used has lugs cast on it, with 
holes for bolts to pass through. The 
gland and rubber packing are slipped over the pipe 
before it is screwed in place in the fitting, then after 
the threads are made up the gland is pressed down into 
place and the bolts tightened up, thereby expanding 
the rubber and forcing it into all crevices of pipe thread 
and fitting recess. Should the threads of pipe and 
fitting leak, this rubber packing and gland will keep 
the ammonia from escaping into the building; while 
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[ at any future time a leak should develop the gland 
BUI be screwed down still tighter to stop the leak. 
Instead of a gland, as shown in the illustration, in 
■ome systems a lock nut or jam nut is used, together 
with a rubber gasket which projects above the recess 
when it is in place. To make the joint tight or stop 
a lesk the jam nut is serened down hard, thereby 
compressing the rubber gasket and forcing it into all 
of pipe thread and fitting. 




Still another method of making tight joints is to 
use malleable iron or steel fittings which have recesses 
the same as in the other two cases, but instead of using 
robber gaskets and a lock nut or gland the threads 
^resweated together with solder, 
Md the recesses in the Bttings 
"« filled with solder. A return ' 
«nd| such as is commonly used 
lor a condenser coil or expansion 
"^oil, is shown in Fig. 25. It will 
** noticed that this fitting has 
" gland on each of the outlets. 
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Aiiiiniiniii unions iirp made up with lead gaskets, 
the na.ski't lieing placed in a recess in the female half 
of tlie flange, while a gland on the male part of the 
flange presses on it when in place. An oval flange 
union eomposed of the male and female parts can 
be seen in Fig. 26. The male glandis at a and the female 
recess at b. The >sj==-^», 

washer is not shown. //rf^"\\0Jx^^^5\O 
This flange, it will be 
observed, is oval and 
is held together with fi«. as 

only two bolts. While °'"^ ^'^ 

this is permissible for the small sizes of pipes, for li 
pipes four or more bolts should be used according 
the size of tlie pipe line. The two parts of a squi 
flange with four bolt holes are shown in Fig, 27, 
male gland being marked a and the female recess i. 
Flange unions an? 
an important part 
of a refrigeration 
iystem, being used 
n expansion coils 
nstead of ordinary 
pipe couplings, 
squnre FUnBo which are never 

use<l in the high-iirL'Ssure or direct-acting system i 
refrigeration. 

When an ammonia line is exposed to extremes q 
temperature or when the contraction and expansiaa 
from cooling and heating amount to more than can fa 
taken up by the bends and springs of the system, a 
ammonia oxpansion joint should be used. A fittingl 
of this description is shown in Fig. 28. In principle ra^ 
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leak of steam wouki be 
ouly wasteful. In large 
installations and central- 
station refrigeration 
plants, instead of union-flange joints the pipes are 
sometimes welded, end to end. l>y means of thermit or 
elMlrically. 

Wrought iron or steel pipe may hv used in i 
'rigeration systems. 

So far as length of life is concernrd, or detei 
ution from pitting, there is praetieally no differei 
Mween the two materials. When it comes to 
"tPength, however, the odds are in favor of steel 
pipe. This is frue not only of the walls of the pipe, 
"lit of the aeams j»s well, which is an important con- 
"'ilwation. 

Steel pipe is more pliable than wrought 
!Mpe, and on account of this greater pliability, whi^h 
P^nnits steel pipe being bent and twistetl without 
oppning tit the seam or otherwise failing, it makes a 
**tter material for refrigeration installation where 
Oumerous pipe Ijends are to be made, It might be 
*''ll to note that in the bending of wrought pipe 
ttifire is less liability of it failing at the senm if the 
Pipp is held so the weld will be at the -side, not at 
tile lop or liottom. 




irith long radius curves and uniform bore throughout 

jffers the least frictional rcsistancf of any nf the 

;um bends, but the pipes in the coils are so far 




apart that they cannot be used when space is at a 
premium. A cast return bend is shown in Fig. 30. 
This fitting has ea.'^y curves and brings the pipes of 
a coil, particularly an expansion coil, as close together 
as is desirable, for in use ice will form on the pipes 
of an expansion coil, completely embedding them, and 
forming in one mass if the pipes are too close together. 
Another type of return bend with short-radius 
square curves or corners is shown in Fig. 31. This 
fitting, like the other, has flanged 
ends so the fitting can be removed 
from a coil without disturbing the 
pipes of the coil. This is a char- 
acteristic of moat return bends used ot-St U 

Snort fUfJiua 

in refrigeration practice, which Retnm Bend 

enables either a pipe or a fitting to be removed 
without tearing down part of the coil to get at the 
defective pipe, as would be the case if ordinary screw 
fittings were used. 

Elbows, or Quarter Bends. — In the illustration 

Fig. 32 is shown an ordinary quar- 
ter bend, or elbow, made of cast 
iron, malleable iron or cast steel, 
!ind fitted with flanges. This is a 
short-radius bend, but the kind 
most commonly used in practice. 
The curves of this fitting are suffi- 
ciently easy to permit a free flow of 

gas or water without offering too great frictional 

resistance. 

A aemi-steel elbow of long, sweeping curves is 

shown in Fig, 33, with the female portion of a fiange 
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ononeendand the male portion on the other. Fittings 
of this description will be found very satisfactory for 
the m^n pipes around the compressor, while the other 
fitting may be safely used on coils and the minor 
piping within the system. 

Tee Fittings. — One type of tee fitting used in 
ftfrigeration practice is shown in Fig. 34. Like all 
the fittings previously shown it has flanged or gland 
ends, and does not 
depend upon ordi- 
nary screw thread 
for the joint. This 
placing of a flange 
union or discon- 
necting device at 
all the principal 
Ittings in a coil makes tiie work of installation com- 
paratively costly, but keeps down the cost of repairs 
to the minimum. Tee fittings are made with easy 
curves leading to the 
branch, instead of the 
square angles shon-n in the 
SlustratJon, and such fit- 
litigs, of course, offer less^v 
Irictional resistance to theJ 
gasea or fumes passing^ 
tbrough them. Fig. w 

T« Fitlinic 

Cross Fittings.^ — A cross fitting of square angles 
*nd with flanged ends is shown in Fig. 35, and a cross 
fitting with gland ends and Y or easy-curve angles 
IB shown in Fig. 36. Both of these are of stock design. 
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The foregoing illustrations of fittings are pven 
only to show certain tj-pes and point out the differenw 
between the fittings used in refrigeration practice and 
those used in steajn and water installations. Each 
type of fitting shown has many modtficatioDs, while 
numerous fittings, such as coil headers and special 
header fittings, commonly used are not sho«*n at all. 
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There is no room for them in a work of this kind, and 
when designing refrigeration plants the designer can 
find the different fittings in the various manufao- 
turers' catalogues, which can be consulted to advant- 
age. 

Ordinary water and steam fittings are not shown, 
either, for the reason that they are common to pipe- 
fitting practice. The fact that they are not shown 
does not signify that they are not used in refrigeratioQ 
work, for they are, and may well be outside of the 
ammonia system. All the water-supply, oil and other 
pipes can be and generally are made up with ordinary 
fittings. 





Fi(. SI 
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ftany different designs and sizes. Ordinary stock 
ftDsion valves range in size as follows: |-iDch, 
eh, J-inch, 1-inch, 1-inch, li-tnch, l|-inch and 
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2-inches in diameter. Special sizes can, of course, b^ 
made to order, but as the expansion coils are commonly- 
divided up into sections, expansion valves larger thaxra 
2 inches will seldom be needed. 

Check Volvos. — ^ Ammonia check valves are maii* 
in sizes for from J-inch to 5-inch pipe, and in a variety' 
of designs. In Fig. 39 can be seen one design of chec?!' 
valve for small pipes, while Fig, 40 shows a checrk 
valve for pipes from IJ to 5 inches in diameter. Tt»c 
working of these valves, it might be well to state, are 
the same or on the same principle as check valves for 
steam or water pipes, from which they differ principally 





Check Va]ve for Small Pioe Chock V.lve for Lanw Piin 

in having greater strength and no brass or copper parte 
in contact with the ammonia. In fact, the valves and 
fittings used in refrigeration practice differ in no way 
in principles of construction from ordinary steam and 
water fittings or valves. It is in the details they differ. 
details which give the ammonia fittings greater 
strength, longer life and greater ease in disconnecting. 

Globe and Angle Valves. ^A globe valve, such 
as is used in ammonia refrigeration practice, is shown 
in perspective in illustration Fig. 41. The heavy 
body, flanges, bonnet and other parts show the heavy 
service it will withstand. In the illustration Fig. 42 
can be seen an angle valve, which differs from the 
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globe valve chiefly in that it forms a 90-degree bend 
instead of being a straightway opening. Globe valves 
are used on straight runs of pipe, and angle valves 
^hen two pipes come together at right angles. 





FiR. 41 
Globe Valve 



Fijf. 42 
Anflrle Valve 



In the three-way valve, shown in Fig. 43, is 
Combined a double-angle valve or tee valve. Cfas 
^r liquid enters the valve through the bottom open- 
ing, and is admitted to the coils or pipes on each side 
of the valve. The special four-way valve, shown in 
Fig. 44, goes a step further and from the one inlet 
supplies three outlets, which might be coils or ordinary 
branch supply pipes. 

Thermometer Connections to Refrigeration 
Ssrstem. — In order to take the temperature of the 
ammonia or brine in different parts of the refriger- 
ation system it is necessary to be able to place the 
bulb of the thermometer in the pipe in such a way 
that it can register the temperature within. In 
practice this is done by means of thermometer cups, 
similar to the one shown in Fig. 45, which are screwed 
permanently into the piping system. The mercury 
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The cup is partly filled with mercury, which acts as 
a couductor of heiit from the mercury bulb of the 
therniometer to the walls of the cup, which l)eing ia 
contact with the refrigerating medium in the pipe is 
of the same temperature. For refrigeration work this 
mercury cup must be of iron or some alloy which will 
not be affected by ammonia or mercury — -copper or 
brass are not suitable for this purpose. A plug is 
very desirable to screw into this mercury cup when 
the thermometer is removed, to prevent the loss of 
mercury or filling of the cup with dirt or other foreign 
matter. 

Thermometers are more used in brine circulation 
systems than in the ammonia portion of a refrigera- 
tion plant, for tlie reason that there is i 
relation belween pressure and temperature of c 
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ith permanently in phicp or put in the cups to take 
rea<tinf^. When the thermometers are screwefl in to 
lake readings they should be allowed tu remain in pliice 
ten or fifteen minutes to attain their mini 
temperature before the readings are taken. 
It is well to see that the cupe are set true 
when screwed into a Rtting, so the thermome- 
ters will have true perpendicular positions 
when set in place. 

A thermometer suitable for screwing into 
H mercury cup is shown in Fig, 46, These 
i<e had with Fahrenheit readings, with 
Centigrade readings, or with both Fahrenheit 
and Centigrade readings. The threaded por- 
tion a of the thermometer screws into the threaded 
Itpck of the mi'rcnry cup, and the thermometer cup b 
Iprojccta down into and is sin-rounded by the mercury 
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in the mercury cup. The mercury in the cups and 
the metals of the walls of the cup being good con- 
ductors of heat, the temperature indicated by the 
thermometer will be practically that of the gas Of 
liquid flowinR with the pipe. 




HEAT INSULATION 

m m 

CHAPTER XIZ 

INSITLATINO COLD-STORAQE ROOMS 

IUQHE two essential features to be considered 

111 '** '^^ erection of cold-storage buildings 

M. II ^'^ ^^^ machinery and the insulation. 

Refrigerating apparatus is only a means 

ii^i^B of removing heat, and insulation is only a 
means of preventing, as far as possible, the return of 
the heat after it has been removed. 

A high degree of perfection has been reached in 
the design and construction of refrigeration apparatus, 
but perfect insulation is an impossibility, otherwise 
no refrigeration would be necessary other than to 
freeze the goods to the desired temperature before 
placing them in a perfectly insulated room. 

It is estimated, after a careful calculation, that 
in the average cold-storage building 70 per cent, of 
the refrigeration applied is used to remove the heat 
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which leaks through the insulated walls. As this wasti 
is continuous it is of the utmost importance to oM 
material which will reduce it to the minimum. It 9 
a fact (hat good insulation, aside from other advantn 
ages, affords a constant saving, which will make m 
large difference with the profit and loss account of * 
cold-storage plant. Poor insulation is not only ss 

. cause of annoyance, but a continuous expense, owing 
to the loss of refrigeration resulting from it.s use. 

When selecting insulating materials it should be 

I borne in mind that dead-air space is among the very 
beat of heat insulators or retardants. If the air baa 
room for circulation, however, the insulating effect 
will be destroyed. That is why materials like mineral 
wool, which of themeelvea are heat conductors, will, 
when packed in an air apace, prove effective for insu- 
lating walla or ceilings. The mineral wool when packed 
into the space forma a multitude of cells which contain 
air, but owing to the cellular formation of the mass. 
the air ia dead and cannot circulate. 

Hollow tiles likewise prove good insulators. Ic 
the rase of hollow tiles, unlike spaces filled with mineral 
wool, there is local circulation, but if the cells in the 
hollow tile are small and shallow and their ends block- 
ed at short intervals, so air cannol ascend through 
them the entire height of the wall, the circulation will 
be of such a sluggish and restricted nature that the 
air is practically dead. 

Besides mineral wool any fibrous or granulai 
material which will not pack too tight will prove 
satisfactory for filling purpoeea. Among the materials 
successfully used may tje mentioned coal cinders, 
hair felt, granulated cork, charcoal and aawduak 
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Materials like granulated cork and charcoal rank high- 
est for the purpose, for the reason that in themselves 
they are not good conductors of heat, while materials 
like mineral wool and cinders are, to a limited extent. 
On the other hand, cinders and mineral wool are 
fireproof, while some of the better insulatint; materials 
are not, and in designing an establishment all these 
facts must be taken into consideration. 

Concrete is a much better insulator of heat than 
18 generally supposed, and as this material is becom- 
ing estensively used in building oonstruetion it will 
become an important factor in future refrigeration 
tiesign. Cork boards of varying thickness from one 
lOch to three inches are now made, and may be used 
t*> good advantage for insulating cold-storage rooms 
of concrete construction. The boards are made in 
aires 12 x 36 and 18 x 36 inches, and can be plastered 
on without further preparation, the mortar clinging 
^ the surface of the cork board. Boards made of 
pressed mineral wool are likewise suitable for the 
purpose. 

Insulating Fireproof Walls. — Certain methods 
''^r insulating walls, floors and ceilings against the 
'oss o( heat have been adopted in practice for the 
"^Ssons that they are simple, effective and applicable 
™ all conditions. The method commonly adopted for 
'isiilating walls of stone, brick or concrete is shown in 
^^- -47. The inside of the wall that is to be insulated 
•first given two good coats of pitch, tar, asphaltum 
* Some like elastic and moisture-proof material to 
P'cvent dampness striking into the wall and to keep 
"own OS low as possible the loss of heat due to winds, 
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Inside of tfie coat of pitch is laid a wall of hollow tile 
to pro%-ide a partial dead-air space. Four inches 
inside of the first wall of hollow tile is laid another, 
3 iiyihes thick, these two hollow-tile courses being 
bonded together, and between the two courses of tile 
the space is filled with mineral wool. The inner sur- 
face of the 3-inch hollow tiles can then be plastered 
with cement mortar for a finish, or, if a better finish 
is desired, the surface can be covered with marble 
or tiles. Instead of the inner course of hoUow tiles 
glazed bricks may be laid, and the space between tin 
bricks al 
the fiD 
course i 
hollow ta 
filled \ 
t ,Cernet Pfastv with mi 
eral wo 
or some other fiUi] 
material, as previoualf 
explained. Furthefi 
w herever necessary or 
desirable to do so, one course 
hoUon bnck can be omitted and' 
the wall otherwise insulated jui 
aa described. 

A principle of insulation which should never I 
lost sight of is the fact that heat being a wave moti<M 
or vibration of the ether, is transmitted most easily 
through a uniform medium, whereas mediums of difr 
ferent materials, consequently of different densitiee 
retard and dissipate it. Therefore an insulati<HI 
142 
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I l>e seen that this principle is observed. 



brick, 
stone or 
concrete 
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J should be composed of as many layers of unlike ma- 
I teri^ as is practicable, in order to retard the heat 
1 faves, which will undergo change and suffer loss with 
flvery transition made. 

In the preceding example of insulation it will 
Heat must 
first pass 
through a 

V ilafn ofpmriilw. 

''•Z^Bpn::i'X wall, next 
through a 
layer of pitch or bitumen 
of some kind, then in suc- 
cession through the wall of 
hollow-tile air space, recess of hol- 
low tile, mineral wool, wall of hollow 
tile, air space, wall of tile and 
cement plaster or tile. 

Wooden Insulation for Brickwork.— Wood is 
not so desirable a material as hollow tile for insulating 
Cold-storage rooms, but, whenever for any reason 
^Wood is the chosen material, the rooms can be insu- 
lated as shown in Fig. 48. The brickwork, stone wall 
r cement concrete wall, as the case may be, is first 
reated to two coats of pitch, asphalt or tar. After 
B^e pitch has been applied regular 1 inch by 2 inch 
I furring strips are nailed to the wall at distances of 
I 16 inches from center to center. A horizontal course 
f J^-inch sheathing is nailed to the furring strips, a 
I double layer of good building paper tacked to the 





sheathing, and another course of sheathing, 
diagonally, is placed on top of the building 
and nailed to the furring strips through tbfl 
course of sheathing. Regular stock 2x4 stui 
are theji set up on 16-inch centers and nailed 
sheathing and the face of the studding covered 
double course of sheathing with building paper| 
tween, as in the first instance. The space bet* 
the studding is then filled Tvith mineral wool, or a 
other good heat insulator. Furring strips are | 
nailed to the surface of the last course of sheatl^ 
and expanded metal lathing fastened to the stri] 
that the surface is ready for a three-coat li 
cement plaster or for a finish of glazed tite. 
masonry walls are pretty thick, or are otherwiflfl 
insulated, the inner layer of wooden sheathing 
omitted, and the expanded metal lath nailed 
face of the 2x4 studding. 

The sheathing used shoidd be well m« 
stock, free from knot holes or shakes, and shoU 
of some wood which will not twist and warp 
the action of heat. 

Insulation of Walls in Frame Building 

The method of insulating walls iti frame buildings! 
be seen in Fig. 49, i 

This method is similar to the wooden insuH 
for brick walls just described, with the one exc^ 
that 2x4 studding takes the place of the outer ] 
furring strips, and a double course of sheathingj 
building paper between takes the place of the I 
wall and forms the outer surface ot the buildi^ 
wall. This method of insulation gives three air q| 
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throughout the depth of the wall. In one of the 4- 
inch spuces the celb between the studding are filled 
"itfi mineral wool so that in these the air is dead. 
One of the air spaces is but 1 incli deep, and aa the 
entire width is but 14 inches and the height extends 
biit from floor to ceiling very little circulation of air 
can take place within, consequently there will be hut 
slight loss of heat due to convection. The outer air 
8PMe is but 4 inches deep and greater circulatinn will 
5'ding take place 
in there. 
However, 
but little 
heat will 
traverse 
these 
Spaces, as may be seen by 
lacing the hand on the 
plaster within a frame 
building when the sun is 
beatingdown on the sheath- 
mg outside, Altogether, 
the various courses of sheathing 
alternating with the several air 
spaces will reduce the loss of heat 
as much as can be expected with 
this form of construction. 

An air space is of value only when the construction 
perfect, when the space is no larger than three 
Kquare feet and no deeper than one inch. A one- 
Inch space will show a-s high heat loss as a three or 
ifour inch space. 
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Undpr these conditious air spaces increase the 
efficiency of any insulation approximately from 10 
to 12 per cent. In other words, the amount of he^ 
transmitted by the solid construction would be about 
11 per cent, greater than after the air space was ii 
serted, provided, however, that the air spaces are t 
larger than the dimensions given, and that the con* 
struction is perfect. The smaller the air space, e 
course, the less danger there will be of circulation. 

The above refers to air spaces constructed by 
means of double tongue and groove boards witlt 
double waterproof paper between, or other materifJi 
of similar efficiency. Air spaces constructed froifl 
materials of higher efficiency increase the value of tbtf 
insulation exactly in proportion to the efficiency ( 
the material by which the air space is surrounde< 
for the reason that the efficiency of any air sp! 
depends exactly on the stillness of the air contain^ 
therein, and that stillness depends on the mechanici 
construction of the air space and on the protection; 
afforded the air by the non-conducting qualities of the 
materia! from which the air space is constructed. 

Insulation of Fireproof Ceilings. — A method 
of insulating a flat-arch ceiling is shown in Fig. 50. 
The floor tiles themselves, being double-space hollow 
patterns, will go a long way toward checking the con-; 
duction of heat at this point, particularly when cot- 
ered on the under side with a coating of cement 
plaster or a surface of glazed tiles. . On top of the' 
floor tiles is a deep bed of cinders from 6 to 10 inches 
in depth, and embedded in these cinders are heavy-' 
wooden sleepers to support the floor above. The- 
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flooring consisu of two heavy layers of tongue and 
grooved material, free from knot holes or shakes, 
laid up tight, with a double layer of good building 
paper between. The under floor is laid diagonal and 
tiie upper Hoor at right angles to the sleepers, so long 
joints in the two floors cannot coincide, and, further- 
more, so the upper floor can better prevent warping 
0/ Ibe under flooring strips. If necessary or desirable 
aoy other kind of flooring may be laid instead of a 
nnoden one. 

A cement floor, tile floor, asphalt or any other 
niilerial will answer just as well and prove equally 
effpctive. There are other forms of arch besides the 
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I fiat arch and other types of ceiling tiles besides those 
P«hown in the illustration. The method of insulation, 
' however, would apply equally to ail, with whatever 
modifications good judgment would dictate. 

Insulation of Wooden Ceilings.— In fr.inie 
■buildings special precautions must be taken to pre- 
sent the loss from heat which would take place 
through an ordinary plaster ceiling and single course 
t« Scoring above. Ceilings in frame buildings can 
■ ** satisfactorily insulated as shown in Fig. 51. The 




under edges of the floor joists may be covered with 
expanded metal and then pltistered with cement 
mortar or covered with tiles, or, if wooden treatment 
is to be carried throughout the construction, the under 
surface of the joints can be sealed with a double couree 
of matched ceiling boards, having a double layer of 
building paper between. On top of the floor or ceiling 
joists another double course of matched flooring is 
laid with two layers of good building paper between, 
On top of this double flooring 2-inch by 2-inch strips 
are nailed at intervals of 16 inches between centers; 
the spaces between these strips are then filled flush 
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to the top with mineral wool, and another double 
course of flooring is laid with building paper in be- 
tween the courses. On top of this flooring 2-inch by 
2-inch strips are likewise nailed, the spaces between 
filled with mineral wool, as in the first instance, and 
another double course of flooring is laid on top, with 
building paper placed between the courses. The top 
boards in this case would, of course, be the finished 
floor, or if cement or a tile floor is to be laid the top 
rows of 2-inch by 2-inch strips may be omitted and 
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Uteipaces filled with cinders, on top of which a rough 
'■ed of concrete should be laid to provide foundation 
I hi the finish course. 

' When laying the double floors or double courses 
of ceiling boards, as the case may be, one course 
stoiild be run diagonally and the other at right angles 
to the studding, joists or furring strips. 

Insulation of Ground Floor.— By the ground 
floor is meaDt the floor of the cellar or baaeraent of a 
building vbich b in direct contact with the earth. 




iTiere is more or less ground water stored in the soil, 
bnd from this subterranean reservoir a greater or less 
Bmount of moisture is drawn by capillarity toward the 
lurface of the ground. Water has a great capacity 
br heat, and if soil moisture were allowed to rise to 
the ground floor of a building in which a cold-storage 
room was located much heat would pass into the room 
trom th« surrounding earth. To prevent such loss 
149 
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due to hrat, as wel! as to kvc.p thp ground floor dry — , 
it. may be inauljitod as shown in Fig. o2. The cella^j 
bottom must first be dug out from 24 to 30 inche--s 
deeper than the line of the finish fioor. The bottoc:w 
of this pit is then filled to » depth of from 6 to I < 
inches with rocks or crushed stones. On top of th» e 
stones is next placed a layer of good clean cinder-s, 
from 12 to 16 inches deep; embedded in these cinders, 
but well supported at suitable intervals, should l>e 
placed 4x4 inch sleepers, spaced 16 inches from center 
to center. On top of the sleepers there would be a 




regulation double floor with two layers of building 
paper between the courses. On top of the flooring 
there would be more 4x4 inch sleepers with the spaces 
between filled with mineral wool, and on top of the 
sleepers may be laid a regulation wooden fioor con- 
sisting of two courses with building paper between, or 
a cement, asphalt or tile flour may be laid. It might 
be well to add that in case the floor is to be of tile or , 
cement that the woodwork would be left out e 
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und the concrete and cinders depended upon for the 
oecMsary insulation. 



Insulation of Windows. — When windows or 
"Mights op*'n intft any of the coid^torage rooms of a 
'^frigeration plant great care must be exercised to 
P^evl■nt the loss of power by heat conduction through 
"legtasfl into the rooms. The ordinary window sash 
*ith single-thick or double-thick glass would never 
<io for this purpose. Sash and frames of special con- 
**lruetion mast be provided. The method of insulat- 
ing wiodowtj is shown in Fig. 53. Ventilation to the 
*"ooms is provided for, independent uf the windows, 
no (he sash need not be made to raise and lower like 
those of ordinary windows. That being true, the 
aanh are made to fit the entire window opening and 
are set in place so that the leakage of air around the 
stopf is reduced to the minimum. It will be noticed 
that instead of one sash three are three sash in this 
frame, and each sash is glazed with two panes of 
^&sa. so that all told there are six thicknesses of glass 
and five air spaces for the heat to pass through. In 
glazing windows for cold-storage rooms it is cus- 
tomary not to use putty and window lacks, as is 
commonly done in glazing, but to use adjustable 
stnps with felt or chamois linings, so the glass will 
have room and freedom to expand and contract 
without opening crevices for the leakage of air. To 
avoid breakage the panes of glass should not be very 
large, and rolled glass should be used in preference to 
ofdinary window glass, as rolled glass is tougher and 
less liable to break. 




Insulation of Doors. — Wherever a passagewa:; 
leads from one of the cold-storage rooms of a refris 
eration plant to a warm room — that is, one inaintauie-4 
at the ordinary temperature of living-rooms— doubB 
doors with a lobby between will be found advisabl 
to prevent the transmission of heat from the hot t 
the cooler rooms. In other parts of the establish 
ment the opening from one room of low temperatujc 
to another of different temperature may be close 
with a single door which is well insulated against tti 
i of heat. 
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An insulated door is shown in Fig. 54. This door 
has three double layers of boards forming a double 
wr space, and three layers of good building paper a 
placed between each double thickness of board. 

Relative Value of Insulating Materials.— 

What material will give the best insulating effect is 
sometimes a difficult question to determine, for not 
only is heat resistance to be considered but likewise 
the fireproof qualities of the material and their 
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liability to be affected by moisture arc important in 
refrigeration design. For the purpose of insulation, 
nwms may be divided into dry rooms and wet rooms. 
Brewery refrigeration rooms and ice storage rooms are 
rumples of wet rooms, while cold-storage and freezing 
tooms may be considered as dry rooms. The word 
*liT is relative, however. In all cold-storage rooms 
"lere are times when moisture can be seen trickling 
<^wii the sides or on the floor, so in insulating all 
*iold-etorage rooms it is advisable to moisture-proof 
tliem as well, to prevent moisture reaching the insu- 
lting materials or structural parts, if of wood, and 
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nturating them. Very few of the materials used in 
practice for insulating walls, floors and ceilings are 
fireproof, and still fewer of these are moisture-proof, 
K the beat insulator for the purpose might as well be 
selected. The comparative value of ordinary insu- 
lating materials, in terms of the heat transmitted 
thxough samples of the various materials of the same 
and thickness, may be seen in Table XXIV. This 
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table gives the conducting power for each square foo* 
of surface, and the comparative value is expressed in 
the number of units of heat lost per hour by trans- 
mission through them. 

Tar paper, pitch, fine cinders, hair, felt, etc., 
are used with success. 

One of the conditions to be taken into account 
in dealing with low temperatures is the facility with 
which moisture from the air will be absorbed by som* 
of the insulating materials and lead to decay, softening 
the acid fermentation. For this reason granulated 
cork, pitch, tar paper, wood well shellacked, or sub- 
stances which will resist moisture, are the favorites. 
Use only substances which have no strong odor or 
which have been deodorized. 

In using cork or mineral wool, care must be taken 
to pack it carefully, otherwise it will settle and destm 
the effect sought to be obtained. 

Woodwork should be well nailed to prevent i 
placement under the effect of packing wool or cork.^ 



Insulating Refrigeration Plpes.^ — Exposed ai 
monia suction pipes and brine pipes outside of cold- 
storage compartments or freezing tanks must be pro- 
tected from the atmosphere, otherwise (here will be 
a large transfer of heat from the rooms through which 
they pass to the cooling medium within, and the 
outside of the pipes will become covered with ice 
from the moisture condensing on them. 

To thoroughly insulate refrigeration pipes it is 
necessary not only to keep heat from reaching them 
but also to keep out the moisture; consequently, the 
insulating materials used must be both heat proof 
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iter proof. There is no practical beat-insulating 
in use at the present time which doe^ not 
capillary attraction to a greater or less degree, 
insulating refrigeration pipes alternate layers of 
iroo&ng mateiials and heat-insulating materials 
The pipe insulating commonly used is made 
sections, the inner and outer sides of which 
iTered with waterproof paint, asphalt or some 
good moisture-resisting material. For ordinary 
ratures single thickness of insulating material, 
thick, is used, and for very low temperatures 
layers are recommended, care being taken to 
the joints and seal the covering at the joints 
terproof cement. Some coverings are made in 
ig thicknesses from 1 inch to 3 inches, for use 
*Wording to the size of pipe and temperature of the 
"ftOe or ammonia. 

The most satisfactory materials for refrigeration 
P'Pe covering are granulated cork moulded into shape; 
"ool felt and roofing felts, alternated with parchment 
Psper; flax 6ber with outer and inner layers of as- 
pbalt-saturated felt, and combination hair felt con- 
MSting of alternate layers of hair felt and waterproof 
wbestos or other waterproof material. When the 
wctional pipe covering is all in place and the joints 
all sealed with wattrprnof cement, it is well to cover 
the sectional covering with a waterproof and weather- 
proof jacket to keep moisture from creeping in any- 
where. 

The exposure of a building has a great deal to 
do with the quality and amount of heat insulation 
required. A building erected in a cool shady spot 
where evaporation is rapid, would not require as 
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much insulation as another building of like shape and. 
dimensions erected on a hill top and exposed on ali 
sides to the heat of the sun. 

Again, a refrigeration building erected alons — 
side of or against a power house or boiler room wouIki3 
require more and better insulation on the sides ejc:— 
poaed to the heat than on the other walls of tb--« 
building. In fact, each refrigeration building is ^ 
problem of itself in insulation, and must be workfc W 
out with full knowledge in mind of the exposur^^ 
and the sources from which the greatest heat leaka gg e 
will come. 

The main thing to keep in mind is that goc^xl 
insulation at any cost is cheap. The insulation Is 
paid for but once and that ends the matter. Wh^^n 
insulation hais been sparingly used, however, *f 
inferior methods used, it will have to be paid for o\^^er 
and over again, every day so long as the plant is 
operated. 





REFBIOERATION REQUIRED FOR 
STORAGE ROOMS 

DITION of Cold-Storaffe Rooms.— 

mperature ia not the only considcr- 
ioD in the coki^atorage rooms of a 
refrigeration plant. Of course, the tera- 
! perature is very important, as different 
a require different temperatures for their preeer- 
' vBtion, as may be seen in Table XIX. The air of the 
rooms and the amonnt of moisture in the air, however, 
play almost equally important parts in the preservation 
of the foodstuffs. If the air of the cold-storage rooms 
is too dry, evaporation will dry out the goods, not only 
reducing their commercial weight but spoiling their 
appearance, if not their substance. If, on the other 
hand, the air is too moist, mold might form on the 
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stored goods, and all the goods acquire a musty odor 
Both the quality of the air io the cold-storage rooni! 
and the amount of moisture it contains can be regu- 
lated by a suitable system of ventilation, hygrometers 
or psychrometers being used to ascertain the amount 
or relative humidity of the air, go the normal humidity 
can be maintained. The normal humidity of air is 
from 60 to 70 per cent, of saturation of the relative 
humidity. By relative humidity is meant the per 
centage of moisture contained in air in different tem- 
peratures. For example, at 10° Fahrenheit and 6( 
per cent, of saturation I cubic foot of air would con 
tain -466 grain of water, while at a temperature o 
70° Fahrenheit 1 cubic fool of air would hold 4.78! 
grains of moisture when containing 60 per cent, o 
saturation. The amount of water, it will be seen 
varies thus with the temperature for certain per 
centages of saturation, and the amounts so containei 
at different temperatures, but the same percentage o 
saturation represents the relative humidity at differen 
temperatures. The actual amount of moisture tha 
air will hold depends upon its temperature. Whei 
the air is so charged that it will hold no more it i 
saturated, or pontains 100 per cMit. at that tempera 
ture. Adding more moisture to the air or lowerim 
its temperature will cause a precipitation or conden 
sation — as, (or instance, in rain or dew, which ar 
merely a precipitation of moisture due to over-satu 
ration or fall in temperature. On the other hand, i 
air is saturated and its temperature is then raised th 
percentage of saturation falls and the air can absorl 
more moisture. The relative humidity of air 
different temperatures can be found in 1 
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Fmm the table it will be seen that if air is intro- 
I daced to a building durlaf: ordinary summer weather 
I trf WFuhrenheit. wheu the liumidity of the outside 

I wrisQormal, or contains about 60 per cent, of moisture, 

I I njbic foot of air at that temperature would contain 

TABLE XXV 
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The difference between 6.560 and .741, 
grains of water, will then be deposited on tb 
floor, coil of pipes or stored products, from 
cubic foot of air within the enclosure. 

Refrigeration Kequired for the Cotd-I 

—The refrigeration required for rold-1 
rooms may be divided into two p^rl^ — that B 
to keep the rooms at their right temperaturei 
drawing the heat leaking into the enclosure t 
the walls, floors and ceilings, and that required 
the products stored in the rooms from their te 
tures when brought into the compartment to 
the rooms. 

In large cold-storage warehouses con 
250,000 cubic feet or more of storage spai 
insulated and properly constructed, one ton ol 
eration is considered capable of maintaining 
cubic feet of space at a tcmperatore of 30° Fahl 
plus 5,000 cubic feet of space at a temperatun 
Fahrenheit; or one ten of refrigeration will m 
either 20,000 cubic feet of space at 30° tempi 
or 10,000 cubic feet of space at freezing tempi 
In small eold-stcrage warehouses of from 5C 
100,000 cubic feet of storage space one ton o( 
eration is considered capable of maintaininj 
cubic feet of space at cold-storage tempeiatq 
3,000 cubic feet of space at freezing temperal 
it will maintain either 6,000 cubic feet of ^ 
freezing temperature, oi 12,000 cubic feet of i 
cold-storage temperature. The forgoing 
apply only to the euflosures, however, to remi 
heat leaking into the storage rooms. They 




J 



Sanitary Refrigeration and Ice Making 

include the refrigeration required to cool the products 
to be stored. 

The refrigerating effort in B. T. U. required to 
keep the storage rooms at constant temperature can 
be computed by means of the following rule : 

Rule. — To find the number of British thermal 
units to be withdrawn in order to maintain a constant 
temperature in the storage rooms, multiply the area 
in square feet of floor, wall and ceiling space by the 
constant 3, and the product by the number of degrees 
the rooms are to be lowered in temperature. 

Expressed as a formula: 

H = 3A (T— t). 

In which: 

H = number of B. T. U. of refrigeration effort 
required. 

A = area of walls, floors and ceilings in square 
feet. 

T = temperature of adjoining compartments or 
outside air. 

t = temperature to be maintained in the cold- 
storage rooms. 

3 = a constant for leakage of heat through walls. 

Example. — How many B. T. U. of refrigeration 
^ be required for a cold-storage room 40 x 50 x 12 
feet in dimensions to keep it at a temperature of 35° 
Fahrenheit where the outside temperature is 70° 
Fahrenheit? 

Solution. — 
Area of wall surface, 40 + 40 + 50 + 50 X 12 = 2,160 
Area of floor and ceiling, 40 X 50 X 2 = 4,000 



Total area, square feet, 6,160 

161 




Difference in lemp., 35" Fahrenheit- I 

Substituting these values in the formula, H = i 

3 X 6160 X 35 = 646,800 B. T. U. (Answer.) I 

There are 285.300 B. T. U. to one ton of refrig- 
eration, so to reduce the British thermal unit« totoDB 
all that is necessary is (o divide by that numbef- 
Applying this principle to the foregoing 3o!utioO< 
646,800 ^ 285,300 = 2.23 tons. Checking this 
answer to the example given with the empirical 
formula of allowing one ton refrigeration to 12.00O 
cubic feet of space, it will be seen thai the formula i* 
perfectly safe, as it provides for slightly greater horse- 
power than the empirical rule does. Instead of firs* 
finding the number of B. T. U. and then dividing 
them by 285,300 to find the tons of refrigcratiod 
required, the tonnage can be ascertained in one trans- 
action by converting the B. T. U. into the decima.- 
.000003505 and multiplying the other quantities witt 
it. Expressed as a formula this would then be: 
P = .000003505 X 3A (T— t). 
In which: 

P = refrigeration tonnage. 
3 = constant for heat leakage in wall surface. ' 
A = Area in square feet of walls, floors and ceiL 
ings. 

T = outside temperature of cold-storage rooma 
t = inside temperature of cold-storage rooms. 
Example. — From the preceding example fine 
the number of tons refrigeration by the present for 
mula. 
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Solution.— Substituting the values found in the 
lonnula, then, P = .000003505 X 3 X 0160 X 35 = 
2.23. (Answer.) 

In applying the foregoing rules and formulae 
judgment must be exercised the same as when apply- 
ing any rule or formula in engineering practice. If, 
(of instance, the cold-storage compartments, or the 
building in which they are in are not well insulated, 
Of well built, or for any other reason there would be a 
liability of excessive heat leakage, an extra allowance 
should be made to offset the loss. 

Refrigeration Eeqiiired to Cool Stored 
Ooods. — The refrigerating effort in B. T. U. required 
to cool stored products from their ordinary teiiipera- 
tores to that of the cold-storage rooms can be found 
by the following rule: 

Rule. — Multiply the weight of the goods by 
thnr specific heats, and the product by the difference 
between the ordinary heat of the stored goods and the 
temperature of the storage rooms. 

Rxpressed as a formula: 

H = W S (T— t). 

In which: 

H = number of B. T. U. of refrigeration effort 
'equired. 

W = weight of stored goods. 

S = specific heat of stored goods. 

T = temperature of goods when put in storage. 

t = temperature of cold-storage rooms. 

When several different kinds of goods are stored, 
*^li kind of goods having a different specific heat, 




then the sums of all their various weights and s 
cific heats would be required, and the formula wo-^^j^ 
be: 

H = WS + WiSi + WsSi (T— t), in which tie 

WS, WiSi, WiSa, etc., refer to the different goodi, 

such as WS would equal the weight times specific 

heat of beef; WiSi the weight plus specific heat d— 

pork; and WiSi the weight plus the specific heat o 

veal. 

The specific heat of various goods placed in 
storage are given in Table II. 

Example. — Find the refrigeration required 1 
cool 25,000 poimds of lean beef from a temperatuP 
of 95" Fahrenheit t« 35°. 

SoniTiON. — In Table II it will be seen that the 
specific heat of beef above the freezing point is .77, 
and the difference in temperature between 95° and 
36° = 00°. Substituting the given values in the form- 
ula, then, H = 25,000 X .77 X 60 = 1,155,000 B. T. 
U. (Answer.) 

By dividing the number of B. T. U. by 285,300. 
the number of B, T. U. in a ton of refrigeration, the 
answer will be the tons of refrigeration required. 
Thus, 1,155,000 + 285,300 = 4.05 tons. (Answer.) 
Instead of dividing by 285,300 the B. T. U. may be 
multiplied by the decimal of that number, and the 
answer will be the same. Thus, 1.155.000 X .000003- 
505 = 4.05 tons. (Answer.) 

Example 2. — What tonnage of refrigeration will 
be required to cool from 95° Fahrenheit to 35° 16,0 
pounds of pork; 10,000 pounds of poultry; 22,01 
pounds of fat beef, and 6,000 pounds of veal? 
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Solution.— Difference in temperature {T — t) = 
95—35 = 60. From Table II it will be seen thixt the 
specific heat of pork above freezing is .51 ; of poultry 
■80; of fat beef .60, and of veal .70. Substituting 
these values in the formula, 

P = .000003505 {16,000 X .51 + 10,000 X .80 
+ 22,000 X .60 + 6,000 X .70 (60) = 7.06 tons). 
(Answer.) 

When calculating the amount of refrigeration 
that will be required for a cold-etorage room, the 
Amount necessary to keep the temperature of the 
room at the right degree must be added to the amount 
necessary to cool the products stored in the room. 

,\h was pointed out in the Prineiples of Refrig- 
eration, work is independent of time, no consider- 
ation being given to whether it takes one minute or 
one year to perform it; but, in order to compare 
with a common standard the work done by different 
machines, time must be considered. Therefore, in 
calculating the amount of refrigeration that will be 
required for a cold storage room, the length of time 
in which the coils must abstract the heat must be 
taken into consideration. This calculation may be 
divided into two parts. One the amount of refrig- 
eration working continuously that will be required 
to keep the enclosure at the right temperature, and 
the other, the amount of refrigeration that will be 
required to reduce the temperature of the stored 
products to the right degree in a certain specified 
period of time. 

In making allowance for the refrigerating effort 
required to coo! the products stored in refrigerating 
compartment, the maximum allowance must be 




miulc to tako care of the greater amount of materL 
ever likely to be stored, and materials of the greats 
specific heat must be assumed so there will be enot^ 
coil surface, and capacity in the entire plant to i 
the work it is designed for. As was previous 
pointed out, the cooling coil surface is ea^ly tak( 
care of by breaking the total coil surface up with 
series of units which can be thrown in or out of servioa 
at will. This will take care of the actual heat sb- 
stracting surface, then the compressor if large enougll 
for the maximum load will take care of any Ughtef! 
load by reducing the speed, while the condeuso? 
are, like the cooling coils, in batteries which can 
cut out or thrown in use at will. 





aPPLICATIOK of Brine Circulation 
Systems. — The brine-circulation system 
used in refrigeration is only part of a 
refrigeration plant, and must be used in 
connection with either the compression 
em of refrigeration or with the absorption sys- 
. The brine system is in no way connected with 
production of cold, only with its distribution, 
efore it is not a refrigeration system. To explain 
brine-circulation system, it will be necessary to 
t it in connection with a refrigeration system, so 
■will refer back to the direct expansion system 
ira in Fig. 5. If in this illustration the expansi 
\ shown on the walls of the cold-storage room were 
lersed in a large iron or steel lank containing 
e. the refrigeration part of a brine circulation 
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sj'Stem would be had. Referring now to Fig. 55, the 
brine circulation part of the system can be seen. The 
brine tank is filled with a solution of strong brine msde 
from common salt or from calcium chloride, enough 
betug used to completely submerge the ammonia ex- 
pansion coils when the brine tank is full. The mn- 
monia coils are shown inside the tank. These are the 
coils that would be located in the cold-storage room** 
in the direct-expansion system of refrigeration. 

The liquid ammonia evaporating in these coils 
can do so only by the absorption of heat, and thi^ 
heat is supplied by the pipes and fittings of the coilsr 
which, being thus lowered in temperature, draw it» 
turn upon the heat of the brine in the tank. Th^ 
brine being thus robbed of its heat, there beconu 
stored in the tank a large supply of what might 
termed "cold," or refrigerating effort. To utilize*thi» 
cold it must be circulated through the cold-storage 
rooms (except in ice making, which will be explained 
later), and this can be done only by means of a circu- 
lating pump. From the bottom of the tank then, 
where the coldest brine will be found, the pump draws 
its supply, forces it through the coils, and back again 
to the brine tank to be again cooled and circulated. 
This in simple is the brine circulation system of cooling. 

Advantages of the Brine System. — The cool- 
ing of cold-storage rooms by the circulation of cold 
brine has the following advantages over the direct 
expansion system. In the first place, less ammonia 
will be required to charge the brine system than the 
direct-expansion system, because there is but the one 
battery of coils to fill in the brine circulation system, 
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wbereu there might be Bevprnl times the unonnt d 
pipe coils to an equal siae dirp<-l-expaafion sj-stem. 

The cutting down of the amount of ammoni* 
used has additional advantages in that it decreasts 
the pof^ibility of leaks, and ehould le&ks occur they 
will be outf ide of the stor^e rooms, where they nu^ 
damage the elored goods. By using the brine-cir- 
culation system the machinery and alt of the re^i^ 
ation pait of the system can be compactly arrange 
in the engine-room, convenient for the engineer. 

In the direct-expansion system the refrigeraliDg 
effect ceases upon the stoppage of the compressff. 
In the brine sj-stem, on the other hand, the large b 
of the chilled brine contained in the brine tank and 
pipe coils is a storage of cold, and is a reser\'e that 
can be called upon to maintain the temperature desired 
in the rooms for a considerable length of time, when 
necessary to slop the compressor, by merely operating 
the brine-circulating pump. By putting in a larp 
brine tank, in man}' cases it will be found necessai] 
to operate the compressor only during the dajtime fc 
maintain the right temperature in the stor^e room* 
during the twenty-four hours of a daj-. 

Advantages of the Direct-Ezpansion System. 

— In the direct -expansion system the expense of the' 
installation is greatly reduced as compared with the' 
brine system, the brine tank, brine pump and second- 
ary system of pipes for brine circulation being dis- 
pensed with and a somewhat greater efficiency 
tained. Owing to the lower temperature of 
expanding ammonia in the direct expansion systesB 
and the greater rapidity of the circulating gas, only 

no 
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lut two-tliirds the amount of pipe surface is re- 

ired in the cold-storage rooms as are required to 

(iuce the same effect with brine pipe coUe. The 

looia is expanded at a much higher temperature 

pressure, and is therefore drawn back to the eom- 

►resBor at higher density, resulting in the machine 

'ircuUting a much greater weight of ammonia per 

Vnuaut«. Each pound of ammonia has just as much 

POIPDlial refrigerating energy and the capacity of a 

■ompressor is therefore dependent solely upon the 

■'Piglit of ammonia pumped in a given time. For 

example, if it is desired to maintain a temperature of 

^2" F. in a certain room, it will require a compressor 

displacement of about 22 per cent, more with the 

oHne system than with direct expansion. 

Again, there is of necessity a large surface to a 
brine tank, and no matter how well insulated the tank 
Tnay be, more or less loss due to absorption of heat will 
W experienced. 

To sum up the difiference between the two sys- 
tems, it might be said that the direct-expansion sys- 
tem ig thfe less expensive in first cost, more simple in 
operation and less expensive to operate. Owing to 
1W«? reaiwns, save in exceptional cases, the direct- 
^pansion system is employed almost exclusively in 
fpfrigerating plants which are operated continuously. 

Brine Tank Insulation. — It is absolutely nec- 
<^ssarj' that the brine tank be thoroughly insulated, 
•"■ Hiih so large a surface exposed there will \>e a great 
loss of cold, even though the loss per square foot of 
surface be kept very low. One method of insulating 
^ brine tank is shown in Fig. 5G, It is simply the 
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appiication of air spaces, pitch and insulating filling 
materials to the ice box, the same as for walls, ceilings 
and floors of the cold-storage rooms. For filling 
material, cork board, mineral wool, charcoal or any 
of the insulating materials previously mentioned maj 
be used. 
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Double-Pipe Brine Coolers. — Instead of using 
brine tanks, doubie-pipe brine coolers or triple-pipe 
brine coolers may be used to cool the brine, thereby 
having an entirely closed system throughout theplant. 
The double-pipe brine cooler of the counter-current 
type is shown in Fig. 57. These coolers differ but 
slightly from ammonia condensers, the greatest dif- 
ference being in the size of pipe used, which in the 
brine coolers is larger than in the condensers. In the 
brine coolers the diameter of the inside pipes is com- 
monly 2 inches and that of the outer pipe 3 inches. 
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The ammonia is allowed to expand in the Btumlift 
space between the inner and the outer pipes, ' 
the brine circulates through the inner system of pip«S 
The ammonia enters the coil at the bottom and *M 
drawn back to the suction aide of the compressor from ' 
the top of the coil. Brine, on the other hand, enter? 
the top round of the coil where it is in contact with 
the warmest ammonia pipes, and flows from tlie out- 
let at the bottom, where it leaves the cooler while in 
contact with the coldest ammonia pipe surface. 

The approximate sizes, weights and capacities of 

double-pipe brine coolers can be found in Table XX\1. 

TABLE XXVI 
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Some double-pipe brine coolers are made (^ 
smaller pipe-^lH-inch pipe being usedfor the maer 
coils and 2-inch pipe for the outer coils. 

Double-pipe brine coolers and triple-pipe brine 
coolers are covered in practice with some good insulat- 
ing material to prevent absorption of heat from the 
atmosphere and surrounding objects. Sometimes 
double-pipe brine coolers are used in connection with 
brine tanks, thereby utilizing the cooling effect of 
the expanding ammonia on the outside of the colls. 
A double-pipe brine cooler in a brine tank is shownin 
Fig. 58. 




The usual method of operatiDg an apparatus of 
tilts kind is to connect the pump so as to take the 
brine from the tank, force it through the iimer pipes 
of cooler, thence to the rooms to be refrigerated, and 
■fter performing such duty to return to the tank. 
This method insures cold temperatures almost as 
soon as the plant is started, whereas the system of 
cooling a large body of brine in a tank takes a much 
longer time. 



Triple-Pipe Brine Cooler.^From the sub- 
merged double-pipe brine cooler to the triple-pipe 
brmo cooler was but a step whereby providing a 
third space for brine to circulate in, the cooling effect 
•^f the expanding ammonia on the outside of the pipe 
forming the central compartment could be utilized 
and the entire system still be a closed circuit. A 
three-pipe brine cooler is shown in Fig. 59. The 
Uqiiid ammonia enters the intermediate pipe at the 
wttom, where it is released from pressure and flashes 
■nto a gas, drawing upon the walla of the pipes and 
Ihe brine circulating through them for the heat neces- 
sarj- for vaporization. The brine enters the outside 
coil of pipe at the bottom, passes successively through 
'he various loops of the coil to the top, where by means 
•Jf the brine loop it is connected to the central pipes 
of the coil, down which it passes to the outlet at the 
ooltom. Chloride of calcium brine is preferable for 
^^ in a plant where a triple-pipe brine cooler is used, 
•^Wing to its lower freezing point than salt brine and 
"ot precipitating at the low temperatures. Like the 
wuble-pipe brine cooler, the triple-pipe brine cooler 
^ should be insulated unless located in an insulated 
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cold-storage room, where it may be left uniiiBulated, 
and the cold from the outer coila will help maintMn 
the temperature of the room. 

When double-pipe or triple-pipe brine coolers are 
used there is no storage of cold like when a brine tank 
is installed, for the brine in a closed-pipe brine cooler 
system is comparatively so small a quantity that the 
refrigerating effect ceases almost as soon as the com- 
pressor is shut down. On the other hand, pipe-brine 
coolers are less expensive to operate on account of a 
lower temperature of brine being possible, conBe- 
quently less pumping. 
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'ILT Brine. — The brine used in a refrig- 
eration system must be kept at a certain 
degree of concentration to obtain the most 
economical operation. The specific heat 
or capacity for heat of salt water ia con- 
less than for ordinary water and decreases 
the solution becomes stronger. For example, a 
Italn weight of ordinary water when its tempera- 
re is raised a certain number of degrees will abstract 
Be heat than an equal weight of brine if raised the 
De number of degrees in temperature; and the 
onger the brine the greater will be this difference 
iween the capacities for heat. As an agent for 
nsmitting cold .8 pound of ordinary water will do 
t same service as 1 pound of brine of l.!86 specific 
ivity, which has a freezing point of slightly over 
Fahrenheit. Water, then, would be a better 
Idium for the transmission of cold than brine, only 
I water freezes at too high a temperature to be of 
Ktical use, so that brine must be used in its stead. 
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Afl the stronger the brine is the less its capacity to 
transmit cold, it stands to reason that solutions of 
Bait for refrigerating purposes should not be made any 
stronger than is necessary to keep them from freeiing- 
The freezing points of brine solutions, strength of 
solution and other properties can be found in T&ble 
XXVII. 

From the table it will be seen that brine having 
5 per cent- of salt by weight will freeze at a temperature 
of 25.4° Fahrenheit, If the temperature of the brine 
will not be required lower than 26° or 27% a 5 per d 
cent, solution would be sufficient. If a temperature J 
of 19° or 20° must be maintained, a solution of 10 per | 
cent, strength should be used. The aim would h 
of course, to make the solution strong enough not to 
freeze and at the same time weak enough to be a good 
medium for the transmission of cold. 

The tAble contains no stronger solutions thsn 
25 per cent. This is because that is the greatest 
amount of salt the brine will hold in solution nt » 
temperature of 0° Fahrenheit. 

The strength of brine can be readily ascertained 
by means of a salometpr, an instrument similar to tbc 
hydrometer, shown in Fig. 2, but graduated f"^ 
liquors heavier than water. By referring to the tabV® _ 
the degrees shown on the salometer can be convert^** 
into percentage of salt. Salt is cheaper in first co^ 
than chloride of sodium, but has a corrosive effe*' , 
on iron. Care should be exercised to select a go^ ^ 
aalt for brine makings as ordinary desert salt b u*^ 
suitable for the purpose, it containing so many ii^^ 
purities that it does not give a strong solution. ^^ 
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Calcium Chloride Brine — Chloride of cal- 
cium, owing to its lower freezing point, has a wider 
range of usefulness than has common salt brine. 
Whereas common salt brine of 25 per cent, strength 

TABLE XXVIII 

PBOPBRTIS8 or CHLOftlDS OF CALCnTM 

SOLUTIONS 



Specific 


Degree 


Degree 


P^r Cent. 


Freeimg 


Ammonia 

Guage Preaioiv 

Pounds i«r 

Sq.Inefa 


Gravity 
at ei** F. 


Beauroe 


Soloraeter 


of Calcium 


Point in 


atW'F. 


at 64^ F. 


Chloride 


Degreeii F. 


1.007 


1 


4 


0.943 


+31.20 


46 


1.014 


2 


8 


1.886 


-♦30.40 


45 


l.OlJl 


3 


12 


2.829 


+29.60 


44 


1.02S 


4 


16 


3.772 


+28.80 


43 


1.035 


5 


20 


4.715 


+28.00 


42 


1043 


6 


24 


5.658 


+36.89 


41 


1.050 


7 


28 


6.601 


+25.78 


40 


1.05S 


8 


32 


7.544 


+34.67 


38 


1.005 


9 


36 


8.487 


+23.56 


37 


1.073 


10 


40 


9.430 


+22.09 


35.5 


l.OSl 


11 


44 


10.373 


+20.62 


34 


1.0S9 


12 


48 


11.316 


+19.14 


32.5 


i.cm7 


13 


52 


12.259 


+17.67 


30.5 


1.105 


14 


66 


13.202 


+15.75 


29 


1.114 


15 


60 


14.115 


+13.82 


27 


1.112 


10 


64 


15.088 


+11.89 


25 


1.131 


17 


68 


16.U31 


+ 9.96 


23.5 


1.140 


18 


72 


16.974 


+ 7.68 


21.5 


1.140 


19 


76 


17.917 


+ 5.40 


20 


1.1 5S 


20 


80 


IS. 860 


+ 3.12 


18 


l.l«i7 


21 


84 


19.803 


— 0.84 


15 


1.170 


22 


88 


20.746 


— 4.44 


12.5 


l.lSfJ 


23 


92 


21.689 


-- S.03 


10.5 


1.1 y« 


2\ 


96 


22.632 


—11.63 


8 


1 . 205 


25 


100 


23.575 


—15.23 


6 


1.215 


20 


104 


24.518 


—19.66 


4 


1.225 


27 


lOS 


25.461 


—24.43 


1.5 


1.236 


28 


112 


26.404 


-29.29 


1" vacuum 


1.24rt 


20 


110 


27.347 


—35.30 


5" 


1.257 


30 


120 


28.290 


—41.32 


8.5" '* 


1.2(iS 


31 




29.233 


—47.66 


12" 


1.270 


32 




30.176 


—54.00 


15" 


1 . 200 


33 




31.119 


—44.32 


10" 


1.302 


34 




32.002 


—34.66 


^// •• 


1.313 


35 




33.000 


—25.00 


1.5 pound 



freezes at about zero temperature, chloride of caleiui 
brine will resist a much lower temperature — 50® belo 
zero being the limit. The properties of chloride i 
calcium solutions from percentages of .943, wit 
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forresponding freezing point of +31,20, to solutions 
•if 33 per cent, strength, with freezing temperature of 
25° below zero, con be found in Table XXVIII. 

Chloride of calcium has no corrosive effect on 
"^n, therefore the brine pump need not be lined with 
''fass. Instead of being a corrosive it is of an oily 
•Mature, and for this reason has a strong tendency to 
'^ak if (he joints in the brine coils are not perfectly 
'"Kht 



Size of Brine Coils. — The brine coils in cold- 
^torage rooms differ but little from direct-expansion 
^■*Timonia coils when used for the same purpose. 
■*• ■iTstead of ammonia pipes and fittings, ordinary 
^team and water pipes and fittings may be used for 
*^rine circulation, but a larger allowance of surface 
*^ust be made to offset the lower temperature of the 
Varine system. Small brine coils are more economical 
*ii operation. 

It there is but one-half the pipe surface required, 
the brine must travel at double the velocity to pass 
the required quantity into the room in a given time. 
And this is not all: each square foot of pipe surface 
will transmit or conduct to the brine just so much 
heat, and time of contact is an element; further, the 
larger the body of brine contained in the coils in any 
room, and the longer in transit, the less friction in 
moving it, the more effective the cooling surface, and 
the greater the possible range of temperature between 
the outgoing and return brine. When the pipe surface 
is reduced beyond a certain point, the brine has to be 
made very much colder (which is not economical) to 
create a greater difference of temperature between the 
183 
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inside and outside of pipe, in order that it may tstke 
up the required heat. The transmitting efficiencj- of 
pipe increases with the difference in temperature 
withoutregard totime. Again, an inadequate amount 
of pipe surface will not allow a rise of temperature 
in the brine tank without the rooms thus insufficientl/ 
piped becoming too warm, no matter how fast tb9 
brine pump is run. 

Owing to the lower temperature and greater 
rapidity of the circulation of ammonia gas only about 
two-thirds the pipe surface is necessary in a direct- 
expansion ammonia coil to produce a given refrigera- 
ting effect as would be required in a brine coil. 

In the brine system 800 feet of IJ-inch pipe is 
as much as can be properly worked in one coil. This 
limit, however, is seldom used, for the size of the coil 
is generally proportioned to the temperature required. 
When a very low temperature is required the coils 
would have to be shortened, for as the ammonia does 
not evaporate rapidly enough in very cold brine too 
much liquid would be trapped in long coils. Ordin- 
arily, the brine-pipe system is divided into coils or 
sections containing not more than 400 feet of l-inch 
pipe or its equivalent in other sizes, and so connected 
to the mains that each section can be cut oif inde- 
pendently of the others. Pipes of from 1 inch to 2 
inches in diameter are generally used forthe brine coils. 
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is BO great that it will readily dissolve, even when the 
hrine is at a comparatively low temperature, and the 
agitation of the contents of the tank by the operation 
of the pump will insure a uniform mixture. The 
amounts of chloride of calcium required from salometer 
and Baum^ readings, together with the freezing points 
of the different strengths of solution, can be found in 
Table XXIX. 

TABLE XXIX 
iftoroKTioiH roK MAmma calciux bsinx 





Drgnr* 


Bauint 
60* F. 


Dran«F. 
OiUon o[ W.t« 




i 
i 


30 

1 


—30 



Whether calcium chloride or salt is used for the 
solution, samples of the brine should be taken out 
occasionally and tested with a hydrometer, until the 
right gravity is reached. Should too much salt be 
added to the solution it can be weakened by adding 
more water to the brine in the tank. 

Making a Salt Solution —The brine used in 
refrigeration practice is generally made from common 
salt. About 2i pounds of salt per gallon of water 
will make brine of 100° density on salometer, which 
will not freeze at 0" Fahrenheit. If a temperature 
below iero is required, chloride of calcium is used. 
The proportions of common salt required to make 
brine of different densities and freezing points have 
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already been given in Table XXVII. Salt will not 
dissolve as readily as chloride of calcium, therefore 
it is not practical to empty it in the tank depending 
on the brine to dissolve and take it in solution. The 
better way is to place the salt in a temporary crib, 
suspended in the brine tank, and have the discharge 
from the brine pump empty on the salt in this crib. 
When it is desired to change the brine soiutioD 
from salt to chloride of calcium, or from calcium 
chloride to salt, empty the tank of the one solution 
before filling it with the other. Never mix the two 
salts for any purpose. If chloride of calcium be 
added to a salt solution, the calcium will readily difr* 
solve, but as it has a greater afiinity for water than 
salt has, it will precipitate the salt out of the brine, 
and possibly clog some of the pipes in the system. 

Brine Pump.— With but one limitation, any 
good stejun pump, single or duplex, may be used as 
a brine pump. That one limitation has reference to 
a brine pump for pumping chloride of sodium, or 
common-salt brine. Owing to the corrosive nature of 
salt brine, a pump for this fluid ought to be broMC 
lined throughout. That is, it should have a bronze 
cylinder, piston rod, and glands on the stuffing boxes. 
The valves and other parts which come in contact 
with the brine ought likewise to be made of non-corrod- 
able materials. 

If chloride of calcium brine is to be used bronze 
linings are not necessary, although probably desirable 
for there is no telling when for one reason or another 
a salt solution might be substituted for the chloride 
of calcium brine. 
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The pressure or head against which a brine pump 
"^ to work is comparatively low, and the ordinary 
'°*-«ervice or tank pump is the type commonly used. 
*Qe maximum piston speed at which the pump can 
'"Un is 60 feet per minute, and the average speed is 
'0 feet per minute. In calculating the size of pump, 
'«en, a piston speed of 40 feet per minute, should be 
*s«imied. 

In determining what aize of brine pump will be 
Squired, the following data are commonly used: 

One ton of refrigeration (not ice making) effort 
*er twenty-four hours, ia equal to, or will cool 25 
Eallons of brine 1" in one minute. But the sum of 
ftailons and degrees is met in equal tonnage. That 
. if 25 gallons of brine cooled 1° in one minute equals 
j- ton of refrigerating effort, then 1 gallon cooled 25" 
**1 one minute, 5 gallons cooled 5° in 5 minutes, 12J^ 
KtvIloDS cooled 2° in 1 minute, or any other like combi- 
•J^tion would be equal to 1 ton of refrigerating effort. 

if, then, it is desired to select a brine-pump for 
A plant having a capacity of 15 tons a day, and the 
<3ifference in temperature between the brine entering 
*.nd leaving the brine tank is 6° Fahrenheit, a pump 
Of 62 gallons capacity per minute would be required. 

Brine Mains.— The brine mains must be of 
sufficient capacity to take care of the brine discharge 
by the brine pump, when the water is flowing at a 
sufficiently low velocity as not to require too much 
friction head. A velocity of about 10 feet per second 
would perhaps be a fair average. The size of the 
brine main, then, will depend upon the total refriger- 
ating capacity of the plant. The initial and terminal 
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ttmpsacxzres fa^Tins been decided upon, 25, divided 
bj ^he diffcreniee b e i wce n initial and terminal tem- 
peranzres will girie tlie quantity of brine to be am- 
dueled per ton of refrigerating effort. This multi- 
p&d kj the total tonnage will give the total volimie 
of brizxe to be conducted, while multiplied by the toiH 
nace of any section to be cooled will give the quantity 
of brine neqxzired to refrigerate that space. 

In laying out the brine circulation system to 
various compartments, it is very important to dis- 
tribcte the fiow of brine in such a way that tlie 
quantity sent to each portion will return at nearlj 
the same temperature as the return from all the other 
parts. This will be difficult of accomplishment if the 
pipes are improperly proportioned, for in such case 
those circuits having large enough pipes would cir- 
culate the bulk of the brine at the expense of thoee 
circuits having too small pipes. 

Thr diameter of a pipe required to discharge a 
given quantity of water or brine can be foimd by the I 

formula : 

d = .234 ' V V 1 

h 

in which 

d = diameter of pipe in feet. 

q = cubic feet to be delivered per second. 

1 = length of pipe in feet. 

h = head in feet. 

Equation of Pipe. — In pipe fitting practice 
errors are often made, due to a misimderstanding of 
the comparative capacities of pipes of standard sizes. 
For instance, in Table XXX is shown the number of 
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times the area of one pipe is contained in that rfl 
another. If the seventh column headed 1 is followed ■ 
dowTi until it intersects the ninth item in the firs*- ' 
column marked 2, it will be seen that the area of i 
1-inch pipe ia contained in that of a 2-inch pipe 3.^ 
times. For practical purposes this is taken as -^ 
times, and has given rise to the statements tha,'* 
doubling the diameter of a pipe increases its att^^ 
four Ijmea, which is true, or, as sometimes expressed — > 
that doubling the diameter of a pipe increases it^i^ 
capacity four times, which is not exactly true. A" 
the same velocity of flow doubling the diameter of ^^ 
pipe increases its capacity four times, but the sam^^ 
head or pressure will produce different velocities \C^ 
pipes of different sizes or lengths, and doubling th^^ 

diameter of a pipe when the pressure remains con 

stant increases the capacity of the pipe about s 
times, the difference being unusually stated to ^ 
as the square root of the fifth power of the diamete 
It would follow from the foregoing that a brine mais 
of large diameter would supply a greater number of 
small mains than combined would equal in area- 
the area of the brine main, for the pressure in the 
system would be constant throughout. In Table 
XXXI will be found the equations of standard 
steam and water pipes, also of pipes having actual , 
areas equal to the diameter stated. 

Table XXXI is used in the following manners! 
If it is desired to know the number of |-inch pipes that * 
will equal in discharging capacity a 2-iQch pipe, glance 
down the column marked 2 to the intersection of tJie 
line in the first column marked |. This shows that ^ 
it requires fourteen J-inch taps or pipes to equal c 
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2-inch pipe. To find the number of pipes of one aiBi 
that equals the discharging capacity of another, if- 
the lower part of the table, follow down the column^' 
the size of the smaller pipe until it intersects the lin^ 
of the larger one. Thus, to find the number of 2-inct* 
pipes that equal a 10-inch pipe, follow down ih^^ 
column marked 2 to where it intersects the lin^^ 
marked 10 and it will be found that S0.4 2 inch pij 
equal in discharging capacity one 10-inch pipe. 
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The carbonic anhydride system of refrigeration,^; - 
sometimes called the carbon dioxide, or carbonicEi^ 
acid system, differsno what in the principles of oper-— ' 
ation from that of the anhydrous ammonia system..-' 
Indeed, all compression systems of refi^ration,^v^ 
whether anhydrous ammonia, carbonic anhydride, or^ 
sulphuric acid, are used and operated in the same way,.^ 
the refrigerating agent passing successively through^ 
the stages of compression, condensation and expan-^ 
sion. The only difference between the three s^stem^ 
are found in the pressures and temperatures which ia 
turn modify to a greater or less extent the design of 
the compressors and other parts. 

The pressures required in the carbonic anhydride 
system are much higher than in the ammonia system, 
and the temperatures produced are lower. The 
carbonic anhydride systems operate under pressures 
of from fifty to seventy atmospheres, which would be 
equal to gauge pressures of from 735 pounds to 1,029 
pounds per square inch, whereas ammonia systems — 
seldom carry pressures of 200 pounds per square in«l 
192 
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On the other hand, owing to the high pressure 
Under which the carbonic anhydride system operates, 
ita cylinders can be much smaller in diameter, conse- 
quently the entire machine can be smaller and more 
Compact. In comparing the necessary cylinder vol- 
umes, it appears that for equal effects the following 
Values are about right: 



CyUnder 
Volume 
.. 13.78 
5.60 
... 0.07 



Sylphuric acid . . , 

Ammonia , 

Cubon ODhydride. ... ... 

It will be seen that the compression cylinder of 
the carbonic anhydride machine needs to be only 
about one-sixth that of the ammonia machine, while 
the cylinder volume of the sylphuric acid machine 
must be more than two and one-half times the cylinder 
volume of the ammonia machine. 

The greatest objection to the carbonic anhydride 
Bystem is the great pressure it must operate under. 
Outside of that one objection, it is a very good system 
of refrigeration and can be used in places where direct 
Bmmonia or sulphuric acid systems would be objec- 
tionable. For instance, for the cooling coils of a 
combination heating and cooling sy-stem for a build- 
ing, carbon anhydride can be used, whereas if any 
other system were installed brine would have to be 
used with the attending cost of operating a brine 
pump. 

Among the characteristics in favor of carbonic 
anhydride a« a refrigerating material are: Its neu- 
trality toward water, beer, meats, victuals and other 
products subject to cold storage; its non-corroding 
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action on any of the metals; the fact that it cannot be 
decomposed during compression; cheapness; absott 
of danger to the respiratory organs in case of leak^ 
lack of odor and safety from explosion caused by fiit 
This system can be used as a direct-acting sjt 
tem, or as a brine-circulating system. The direct- 
acting system is, of course, the less costly to install, 
and less expensive to operate, as is true of all refrig- 
eration systems. Besides the cost of operating the 
brine pump, there is a loss of cold in transmitting 
from refrigerating coils to brine. The tendency of 
the times at present seems to be back to direct-action 
and away from the brine system. 



... _^ _ . 
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CHAPTER XVI 



ABSORPTION SYSTEMS OF 
REFRIGERATION 

^^)*»i^(^HE absorption system of refrigeratioQ is 
~~ dependent for its operation on the affinity 
of ammonia for water. Cold water, for 
instance, at 50° Fahrenheit and atmos- 
pheric pressure wijl absorb 812.8 times 
volume of ammonia gaa, making what is 
■.known to commerce as aqua ammonia. Raising the 
^temperature of the water decreases its affinity for the 
bammonia gas, which is driven off; whiJe cooling the 
I water still further increases its affinity and absorp- 
I tive capacity. The foregoing explanation must be 
I kept in mind when studying the absorption system of 
I refrigeration, for it depends for its operation on that 
I Affinity. 

The absorption of ammonia gaa by water is a 
V chemical action, and all chemical actions are accom- 
I panied by an increase or decrease in the temperature 
19S 
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of the mixture. This is especially true of solu- 
tions. In the case of ammonia absorbed by 
water, 925.7 heat units are given up -for each pound 
of the ammonia gas absorbed imder atmospheric 
pressure. Since heat is given up when ammonia gas 
is absorbed and action and reaction are equal but 
opposite, it follows naturally that heat will be ab- 
sorbed when the gas is again liberated from the water. 
The quantity of heat necessary to liberate one pound 
of anhydrous ammonia gas is 925.7 heat units, the 
same amount of heat that is given out by the solution 
when the gas is being absorbed. 

Another property of aqua ammonia to keep \^ 
mind is that the lightness or specific gravity of * 
solution is in proportion to its strength. Aqua an^' 
monia of 1 per cent, strength has a specific g^a^^ty 
of .993 (see Table XII), while aqua ammonia of 3^ 
per cent, strength, by weight, has a specific gravity 
of only .880. 0>\dng to this fact the strongest par* 
of a solution will always be found at the top of a tanl^ -* 

Examples of Absorption Systems. — Befor^ 
describing the absorption system of refrigeration, i^^ 
might be well to point oUt its chief distinguishing 
feature from the compression system of refrigeration. 
In the compression system, the compressor is the 
principal part of the apparatus. In the absorption 
system, on the other hand, no compressor is used. 
Indeed, outside of a small pump, the system proper, 
outside of the cold water supply, has no moving parts. 
Chemical solutions induced by the application or ab- 
straction of heat takes the place entirely of mechanical 
compression, so that the absorption system is often 
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spoken of as a chemical system. It is welt known tb»t 
ammoDJa boils at a much lower temperature than 
water, so that if a strong solution of aqua ammonia 
be placed in a tank and heated to the comparatively 
high temperature of 270" F., which corresponds to a 
pressure of about 160 pounds to the square inch, Cbe 
ammonia will be driven off from the solution in tbe 
form of anhydrous ammonia; if now cooled by passing 
it through a condenser it will become liquified, and in 
this condition can be admitted throi^h an expansion 
valve to the expansion coils, located either in a re- 
frigerating compartment or in a brine tank. 

In these coils the ammonia will vaporize and with 
Iraw heat from tbe surrounding objects. Tbe vapo 
may now be absorbed by bringing it in contact will 
cold water, or with a weak aqua solution, and is thei 
ready to begin the cycle over again. 

The operation of an absorption system of refrij 
eration is shown diagrammatically in Fig. 60. Assum 
that the still or generator contains a strong solutio 
of aqua ammonia, and the absorber a weak solutio 
of the same. If steam is now turned into the steal 
coil in the generator, the ammonia will be driven o 
from the strong solution and will collect at high pre 
sure and temperature in the condenser. The wat< 
flowing over the condenser coils will carry off tl 
heat from the ammonia gas, leaving it at high pressui 
but low temperature, which soon liquifies it. In tl 
liquid state it follows down to the expansion valve 
where it is allowed to expand into the expansion coil 
where it again vaporizes. The ammonia gas from thei 
coils passes, following the direction of the arrow, i 
the absorber, where it again becomes absorbed byt 




BtDitarjr Refriser 



nd Ic 



Weak liquor within, thereby making a stronger solu- 
tion of it. The strongest of the solution in the weak 
liquor tank is near the top, so the suction pipe from 
the pump is connected there, and discharges the 
strong liquor into the generator again, on a series of 
tfaye. the function of which will be explained later, 
The heat of the steam coils in the generator separates 
the solution, the strong solution rising to the top on 
Account of its smaller specific gravity, and the fact 
*tiat it wants to escape as free gas, the heating of the 
*<3lution lowering its capacity to absorb gas. The 
^"eak solution falls to the bottom of the tank or gener- 
_^ .lor and passes from there to the absorber, first pass- 
■••ig through a cooling tank to rob it of it« heat, so its 
opacity to absorb the ammonia gas will be increased. 
The foregoing shows and explains the principle 
*f operation; but in practice for economy and efficiency 
more parts are needed. A complete working plant, 
therefore, is shown in Fig. 61, and the parts will be 
explained in detail. The heat for the generator in 
this Bj-stem is supplied from the exhaust from the 
ammonia pump; and it might be said in passing that 
an absorption plant can be run on either live or ex- 
haust steam. It is heat that is wanted in the gener- 
ator, and heat can be had from exhaust steam as well 
IS from live steam. The condensers and coolers used 
in the absorption system are the same as those used 
In the compression system. It is their relation to one 
another, their connection, and the parts not used in 
the compression system which need explanation. 

In the illustration will be seen an exchanger. 
This takes the place of the cooler shown in the dia- 
grammatic illustration and has the following function; 
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The weak liquor from the bottom of the generator 
19 hot and must be cooled before passing to the 
absorber. On the other hand, the strong liquor in 
iheabBorber is cold and ought to be heated iis high 
8a possible before being discharged into the generator. 
W, then, the heat in the strong liquor could be trans- 
ferred to the cold but weak solution, the desired result 
Would be obtained without the use of fuel or cooling 
*a(er. This is just what is accomplished in the 
*lchanger. Tlie hot liquor from the generator passes 
through a coil on the inside of the exchanger, which is 
Surrounded with the cool but strong liquor from tie 
absorber, and here an exchange of heat takes place, 
the weak liquor becoming cooled and the strong liquor 
heated. The method of piping is clearly shown and 
needs no explanation. 

As the weak liquor to the absorber might not 
part with sufficient heat, it is conducted from the 
exchanger to a double pipe weak-liquor cooler, where 
the temperature can be. brought down to the desired 
degree. 

A rectifier will also be seen in the illustration. 
This must be considered in connection with the ana- 
lyzer, which is the upright portion of the generator. 
The analyzer is provided with a series of perforated 
baffle plates, so that the incoming strong liquor will 
be brought into contact with the ascending ammonia 
gas, or, as shown in the illustration, the ammonia 
gas will pass up through the analyzer in a pipe which 
is in contact with the incoming strong liquor. In 
tills way the gas is cooled as much as possible, which 
is the object in view, and the liquor is heated in like 
proportion, but without the gas picking up so much 
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moisture as when the gas and liquid come in actual 
contact. No matter how much care is taken, or 
what form of analyzer is used, some moisture wUl be 
carried along, and it is the function of the recUfiei 
to trap out this moisture and return it to the analyKT. 
The installation shown in the illustration is of Uie 
tubular type, in which double-pipe condenser and 
weak liquor cooler are used. Instead, howeveff 
atmospheric condensers and coolers may be used ii*- 
absorption refrigeration, when it would be known a* 
an atmospheric type; or shell condensers and cooler* 
may be used, when the system would be known 
the shell type of machine. 

In the absorption system shown in the illustration 
the fixtures are all grouped together on one floor, 
thereby condensing the plant to the least possible 
apace. This arrangement is not neccBsarj', however, 
and would not be followed, for instance, where the 
atmospheric type is installed. Where atmospheric 
condensers and coolers arc used, they are generally 
placed in a louvcred sheltor on the roof of the building 
and this necessitates the scattering of the fixtures over 
two or mure floors. The tubular type of installation, 
an enclosed or pressure system, in which double-pipe 
or triple-pipe condensers and coolers are used; also 
the shell type of machine in which cylinders containing 
coils are used instead of tubular condensers and cool- 
ers, may be grouped in one room and confined to one 
floor. The t}T)r of apparatus to use in any case will 
generally be determined by local conditions. 

When ejchau-st steam is used for heating the liquor 
in the generator, an oil separator is necessary to trap 
out the oil, thereby preventing it from reaching the 
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g coite. This is particularly necessary when the 
rption system is used for making ice by the can 
tttetiuKl, as in that case the wstor of condensation is 
flsed for filling the cans to freeze into ice. When 
Uve steam direct from Ihe boiler is used for heating 
the liquor in the still or generator, an oil separator is 
ftot necessary, but when the system is connected up 
for the use of either live steam or exhaust steam, an 
Oii separator becomes a necessity. 

Whether the fixtures are grouped together on one 
floor or scattered throughout several rooms on differ- 
ent floors, all of the pipes and fixtures which contain 
or liquids above or below the ordinary tempera^ 
tures of the rooms must be well covered with insulating 
materials to prevent loss of or absorption of heat. 
A refrigerating machine, it must be remembered, is a 
beat-exchanging apparatus, and for the best results 
the heat must be exchanged only at the point where 
the exchanges are intended to take place. 

The great distinguishing feature between the 
compression system of refrigeration and the absorp- 
tion system is, one is a power installation, the other 
heat operated apparatus. Power must be 
generated or be available to operate the compressor 
■of a compression system of refrigeration, while heat 
in luiy form, will serve to operate the main apparatus 
X>f the absorption system. Exhaust steam may be 
^Use(i for this purpose, coal could be used, oil, wood, or 
'any other heat producing materials. As a matter of 
^Eu;t, however, steam, cither live or exhaust, is used 
Kor this purpose. Exhaust steam is the most econ- 
omical when available. After having been used 
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expansively in the cylinder of an engine, exbaUBl 
steam atill possesses over 900 available heat und 
per pound of steam. 

It would naturally follow that wherever a eul 
cient quantity of exhaust steam can be had thl 
otherwise would go to waste, that the absorptk 
system of refrigeration would prove very economia 
to operate. On the other hand, an ammonia c 
pressor can be operated with any kind of power, t 
that where power is inexpensive and exhaust steaiil! 
not available, the compression system would perb« 
prove the more economical. 






DETAILS OF ABSORPTION SYSTEM 



QyS^Q ENERATORS.— Generators and ana- 
lyzers are usually combined in one, as 
ftbown in Fig. 62. These rest on the floor 
of the refrigeration machine room, but 
even then require a high ceiling room to 
accommodate them. Vertical generators and analyzers 
combined have been made, but they are not so satis- 
factory as horizontal generators. Giving to the small 
evaporating apace vertical generators sometimes boll 
over, and the gas is always well saturated. Besides, 
the extreme height of vertical generators and analyzers 
Daakes them very unaati-sfactory. So unsatisfactory, 
in fact, that they are seldom used now. 

The generator and analyzer are well insulated in 
practice and covered with a wooden casing or shell, 
to prevent the loss of heat by radiation. 

Steam Coils for Oenerators.— The size of 

steam coil will depend upon whether exhaust steam 

or live steam is to be used, the pressure of steam to be 

carried and the condenser pressure to be carried. 
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^ieii these data are known the amount of pipe re- 
ftund can easily be calculated, for every pound of 
■ninonia gas liberated from the solution requires 
126.7 heat units to perform the work. Owing to the 
orrosive action of ammonia on brass and copper, 
Ipee of those materials cannot be used for the steam 
Bfls, which of necessity must be made from wrought 
pft- Each square foot wrought pipe heating surface 
01 transmit 200 B. T. U. per hour to the liquor for 
leh degree difference between the temperature of 
e liquor and that of the steam within the coils. 

Fig. 63 illustrates the wooden covering or casing 
piA is used to protect the generator from loss of 
pt by radiation. 

f The temperature of steam at varying pressures 
(b be found in Table XXXII. 

The size of steam coil required to liberate a cer- 
^ amount of ammonia from solution can be found 
I' means of the following rule: 

' RuT-E.— Divide the total number of B. T. U. re- 
nired by 200 times the difference between the 
teiperature of the steam in the coils and the ammonia 
poor in the generator. The quotient will be the 
pBltber of square feet of pipe coil required. 
f Expressed as a formula: 
i H 
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Example. — How many square fert of wrought 
pipe surface will it require to liberate from solution 
50o pounds of ammonia per hour, wlicn the steam 
pressure is 100 pounds per square inch and the temper- 
ature of the liquor in the generator is 120° Fahrenheit? 

SoLUTioN.^It takes 925.7 heat units to liberate 
one pound of ammonia gas, and the temperature of 
steam at 100 pounds pressure is 337.81° Fahrenheit. 

Suluetituting those values in the formula, then, 
500 X 925.7 



200 (337.81 — 120) 
462,850 

— = 10.1 sq. ft. (Ans.) 

45,562 
As the exact amount of heat required and the 
maximum capacity of the heating surface were as- 
sumed in the example, a greater allowance than 10.1 
square feet would be required in practice, for owing 
to rust, incrustation and other causes, the maximum 
Jieat transmission will never be attained. Further, 
impurities in the solution might require the expendi- 
.ture of more than 925.7 B. T. U. to liberate a pound 
of ammonia gas. For these reasons an extra allow- 
ance of about 25 per cent, ought to be made in the 
heating surface. 

In speaking of heating surface, the inside area 
of the pipe must be understood, for it is to the inside 
surface that the heat of the steam is applied. 

Rectifiers. — The ammonia driven off from the 
generator in the form of anhydrous ammonia gas, 
generally carries more or less moisture or vapor along, 
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■4.«h must be trapped out before the gas reaches the 
denser. It is the function of the rectifier to do 
— As water is heavier than gas and will always 
**"V^' along the bottom of a pipe, this is an easy matter. 
^*l that is necessary is to tap or use tapped return 
~^*r>ds on one end of the rectifier coil, and run drip or 
^^ed pipes from these return bends to a header. 
J~. txia header is then connected to the analyzer, a trap 
^^ing interposed to prevent gas from rising instead 
'* the waler descending. 

Atmospheric Rectifiers. — An atmospheric rec- 
*Vficr is shown in Fig. 64. A rectifier consists simply 
«f a coil of pipes through whieh the ga.'^ must travel 
a sufficient distance to allow the moisture to condense. 
There are various types of rectifiers, but they are 
one and all coils of pipe, and differ only in the means 
used for eooUng the coils. In the atmospheric recti- 
fier it may be simply exposed to the atmosphere in a 
cool place, where a breeze will play over it, or it may 
be cooled with water, as in the case of atmospheric 
condensers. 

Tank Sectifiers.— It is plain to be seen that if 
the rectifier coils are submerged in running water the 
moisture in the gas will condense quicker, and less 
pipe will be necessary. This form of construction is 
had in the tank rectifier shown in Fig. 65. A steady 
stream of water can be kept flowing through this tank, 
and overflowing through a pipe which takes the water 
from the surface when it is the hottest. 

PresBUre Rectifiers. — A pressure rectifier, shown 
in Fig. 66, is in operation similar to a double pipe 
rectifier, in that the water used for cooling the coils 
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Under pressure, and can therefore be discharged at 
*Qy convenient point, even though it is higher than 
wie level of the rectifier. Water is admitted to the 
^ank at the bottom, cools the coils in its movement 
towards the top, and is then discharged after having 
J*«Tfomied its work. The coils used in the three 
'ypcs of rectifiers illustrated are in principle the same, 
™*Cering only in the modifications necessary to adapt 
tiem to the several receplacles. 

_^^ Condenser Water for Absorption Systems.— 
-^be condensers used in the absorption system of 
frigeration are exactly the same as those used m 
'^cmpression systems, but the supply of water must 
tie greater when the absorption system is used. It 
"Vill require from four to possibly five gallons of water 
Jjer minute, at a temperature of G0° Fahrenheit per 
ton of ice. as it is necessary to keep the condensing 
yressure low. 

Exchangers. — As was pointed out in the descrip- 
tion of the absorption system of refrigeration, the 
object of the exchanger is to exchange the heat of the 
weak liquor passing from the generator to the absorber, 
for the cold of the strong liquor passing from the 
absorber to the generator. This is accomplished by 
bringing one of the liquors in contact with pipes 
through which the other liquor is flowing. This 
brings about a transfer of heat, raising the tempera- 
ture of one liquor and lowering the temperature of the 
other, until the conditions under which they enter the 
exchanger are completely reversed. The liquor which 
enters the exchanger cool, leaves it relatively hot, 
while the liquor which enters it hot leaves it cool. 
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,\s in all the apparatus used in refrigeration, any 
method which will give satisfactory results ia accept- 
able, so the modifications are numeroua in the con- 
fitruction of exchangers, but the one fundamental 
principle of bringing one liquid in contact with pipes 
through which the other is Sowing is common to them 
all. So it is we &nd double-pipe exchangers used 
similar to double-pipe condensers, or double-pipe 
brine coolers. Also, there are the shell type of ex- 
. changers in which a pipe coil is enclosed in a cylinder, 
one liquor flowing through the pipe coil, the other 
circulating around it in the shell of the cylinder or 
exchanger. Usually about six square feet of pipe 
surface ia allowed in the exchanger for every ton of 
refrigerating effect, and if the liquor passing to the 
absorber is not sufficiently cooled after passing through 
the exchanger, it is conducted through a weak-liquor 
cooler, which is simply a condenser type of coil sub- 
merged in water or having water flowing over or 
through it. From 3 to 10 square feet of pipe surface 
is allowed in this coil per ton of refrigeration effect, 
the amount depending on the amount of heat that 
must be withdrawn and the temperature of the cool- 
ing water. 

Absorbflrs. — Absorbers are made in three types: 
The shell type, which is vertical; horizontal tubular 
pressure type, and atmospheric absorbers. The atmo- 
spheric absorbers are not much used, being at their 
best when the water for cooling purposes is warm. 
The evaporation of warm water is rapid, therefore a 
smaller quantity is required than for the shell or 
tubular types. 




In the absorber the ammonia gas from the es- I 
paDsion coils is brought in contact with the coolfd I 
weak liquor from the generator, thereby making s I 
hot, strong solution ready to be pumped back to the 1 
generator to begin the cycle anew. There are varioiB I 
ways for bringing the cold weak Hquor and hot gas 
together. In some absorbers the hot gas and weak 
liquor are brought into the bottom of the absorber. 
so they will be in contact when their affinities for each; 
other are at the best. In others the weak liquor i* 
sprayed into coils along with the hot gas, which i^ 
absorbed as the two pass through the coils togetlierj 
Still other absorbers are so constructed that the coo! 
weak liquor is sprayed into the absorber, where, as a 
spray, it comes in contact with the hot gas. In a 
types of absorbers water coils are required to keej 
down tlie temperature of the solution and create I 
partial vacuum, or at least make the absorber tht 
point of lowest pressure in the system, so gas from tbl 
expansion coils and weak liquor from the generate 
will flow there by gravity. Tlie low pressure is helpei 
out in the absorber by the ammonia pump, which Im 
its suction pipe connected to the absorber and dia 
charges into the exchanger, thereby lowering th 
pressure in the absorber at the very time it creates i 
greater pressure in the exchanger. 

Ammonia Pump.— The principal thing to 
considered about the ammonia pump is that it '. 
no brass, copper or other metal parts of like natuf 
which will be easily corroded by the liquor. Th 
pumps are usually run at slow speed, arc not aubject« 
to severe service, fiml iiny good pump with tigb 
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Valves, which complies with these requirements, will 
prove suitable for the purpose. 

Comparison of Absorption and Compression 
Systems. — There can be no doubt but that for some 
Purposes and under some conditions one sj^stem of 
^^frigeration will prove better than another, but as a 
^^neral rule it may be said that there is no material 
^IfiFerence in the efficiencies of the two systems, and 
^tie or the other can be adopted with equal satisfac- 
tion. For central station work the absorption sys- 
5*^ni would probably prove the more satisfactory, and 
^ I plenty of exhaust steam is available, the more eco- 
"^omical. The only power part in an absorption sys- 
tem is the ammonia pump, the exhaust from which 
^an be utilized, while in the cohipression system a 
large compressor is required. More water is required, 
on the other hand, for the absorption system than 
for the compression system, so that matters tend 
again to equalize each other. The fairest o])inion 
that can be given, perhaps, is that either S3'st(?m will 
give perfect satisfaction. WhethiT one system will 
prove better than the other will d(»p(*nd a good deal 
on w^hether there is going to waste where the plant is 
to be installed an abundance of exhaust steam whicli 
can be utilized in an absorption sj-stem, thereby cut- 
ting down the cost of coal to that required for pumping 
water for cooling purposes. Where water j)ow<t is 
available the compression system can b(^ economically 
operated, as the water power can be utilize<I for this 
purpose. 

The absorption system uses anhydrous ammonia 
only as a refrigerant. This is l)ecause no other 
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known substance lends itself so readily for the purptwe. 
Water has an affinity for, and will absorb lajp 
quantities of many gases, but of none of tbem vill 
it absorb so large a quantity as of ammonia. Foi 
instance, at atmospheric pressure and ordinarj- wm- 
perature, pure water will absorb 4 per cent, of it* 
own volume of air; 4 per cent, of its volume of 
sulphureted hydrogen; 100 per cent, of ita volume 
carbon dioxide, and about 800 per cent, of its voli 
of ammonia. 
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CHAPTER XVIIX 




COLD-AIB CIRCULATING SYSTEMS 



9Q he cold-air circulating system is an indi- 

nrect system of refrigeration, because the 
air is cooled in a separate chamber by 
direct-expansion or brine coils, then 
forced through air ducts by means of fans, 
Bto the rooms, to be cooled. The velocity of the air 
)ea not exceed 30 feet per second, so that a gentle 
rculation is mtiintained in the rooms, which is well 
idapted to the preserving of some products. The 
loms refrigerated by this system are free from damp- 
i and foul odors, but the shrinkage, of the stored 
lods ia liable to be greater than with a direct sys- 
1 of refrigeration, because the air in passing over 
! coils deposits its moisture in the form of frost or 
, and its affinity for moisture becoming increased 
i its temperature is raised in the storage rooms, the 
• will absorb moisture from the stored food pro- 
An arrangement is made to change the air 
■rhenever necessary by forcing it out-of-doors, and 
{tawing a fresh supply from without, A heat ex- 
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fliaiigtT is employed for this purpose, so that tlie in- 
coming pure air can be cooled by the outgoing spent 
air. 

The general arrangement of a, cold-air circulating 
pUnt is shown in plan in Fig. 67. In this system a 
Carbonic anhydride refrigerating machine is used, so 
the air coolers are composed of a series of direct- 
expansion pipes, calculated for a certain amount of 
*ork, and so arranged that the connections are made 
outside of the coolers. Brine coils would be pre- 
ferable to direct-expansion ammonia for a cold-air 
circulating sj'stem, for a slight leak in an ammonia 
coil would taint the air, and the air coming into inti- 
mate contact with the stored food stuffs would spoil 
them. 

Large fans take care of the circulation of cold air, 
forcing it through the two main inlet ducts running 
along the two sides of the room, while the suction duct 
located in the center of the room carries back the air 
to the coils to be re-cooled. As was pointed out above, 
the air becoming relatively warmer in circulating, 
has its capacity to absorb moi^jture increased, and 
draws for its supply upon the stored food. In pass- 
ing over the expansion coils the air becomes chilled 
again, its capacity to hold moisture thereby becomes 
.decreased, and the excess moisture will be deposited 
in the direct expansion pipes and must be thawed off 
time to time. 

An indirect system of refrigeration modified 
somewhat from that shown in the illustration, can 
be, and has been used with good effect in cooling 
public places of assemblage, such as court rooms, 
theatres, halls and restaurants, during extremely 




hot weather. Usually refrigeration coils are provided 
in connection with the heater coils of the combined 
heating and ventilating system, so that when t 
refrigerating material is turned into the cooling coB 
and the fan started, cold air, instead of hot air i 
forced into the rooms to be cooled. 

The cooling of public places during the s^ 
months, hotels, theatres, restaurants, office buildinB 
schools, workshops, etc., has not been so eitensive 
used in the past a^ it might have been. There is ft 
great and growing field there which wil! be developed 
in the future, with benefit and profit to those v 
are enterprising enough to adopt the idea. Thai 
is no reason why direct system of cooling could a 
be used as well as indirect systems, and, why simpl 
apparatus would not adapt it to present house heatin 
apparatus, utilizing the pipes and radiators alread 
installed. 
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O ESIDENCE Systems and Other Small 
Plants. — Mechanical refrigeration ia so 
I "much more sanitary than refrigeration 
natural ice, that refrigeration sya- 
are pretty generally installed at the 
in large residences, apartment houses, 
hotels, institutions, and stores where perishable goods 
are handled and sold. The general use and distribu- 
tion of electric current makes the operation of small 
systems safe and convenient as well as inexpensive. 
Mechanical refrigeration has likewise supplanted 
natural ice in most industries, and is found almost 
indispensable in breweries, distilleries, abattoirs, 
packing houses, market houses, butcher shops, fish 
curing establishments, fish markets, dairies, creamer- 
ies, milk depots, confectionery and ice cream manufac- 
turies, oil reBneries, chemical works, morgues, bottlers, 
hotels, restaurants, club bouses, asylums, steamships, 
general cold storage houses and for cooling water in 
office buildings and other large structures. Refrig- 
eration is made use of also for congealing soft earth 
and quicksand for excavating purposes, 
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Portable refrigerating machines of small capacity 
■Counted on a solid baae so the entire plant can be 
*fl«ily transported from place to place are now made, 
'n Fig. 68 is shown a machine of this description made 
Oy the Remington Machine Company. It la made in 
two sizes, having capacities respectively of one-quarter 
ton per twenty-four hours and one-half ton per twenty- 
four hours. 

These machines are eepeeially suited for the cooling 
of refrigerators or small cold-storage rooms of from 
200 to 1,000 cubic feet capacity, depending on the 
temperature required. The machine is erected on 
one base with condenser and fixtures connected to- 
gether, all properly valved, so all that is required is 
the pipe coil for the cooling of the refrigerator or 
storage room. It will be noticed that the compressor 
is belt driven, and the machine requires from one to 
two horse-power for its operation, depending upon 
the size of the machine. 

PORTABLE ICE MAKING AND 

REFRIGERATING MACHINES 
Small Refrigerating Systems— A portable ice- 
making machine is shown in Fig. 69. This machine 
is made in two sizes. One has a capacity of 250 to 
300 pounds of ice in twenty-four hours, or 100 to 150 
jMunds in twelve hours. The other has a capacity 
of 500 to 600 pounds of ice in twenty-four hours, or 
250 to 300 pounds of ice in twelve hours. The small 
machine occupies a floor space 8 by 4 tect, is 4 feet 
Ligh, has a driving pulley 24 by 3 inches, and is 
designed to be run at a speed of 200 revolutions per 
minute. It has a shipping weight of 1,850 pounds. 




and requires one horse-power to Operate it. The large 
machine requires a floor apace 9 by 4 feet, and is 4} 
feet io height- It has a driving pulley 24 by 4 inches, 
speed 200 revolutions per minutf, requires two horse- 
power to operate it and has a shipping weight of 
2,500 pounds. The outfit consists of an ammonia 
compressor, condenser, freezing box provided with 
expansion coils, ice cans holding from 10 to 12 pounds 
each in the smaller size, and 22 to 24 |x)unds each in 
the larger size. The ice box and machine are mounted 
on one base and connected together with valves and 
fixtures, making a complete portable ice-making out- 
fit, ready to be connected to a belt for operation. 
It is crated and shipped in this condition. The 
freezing box has a small cold-storage compartment 
under a separate cover for the preser\'ation of a 
small amount of provisions. 

In starting the machine it is necessary only to 
connect the belt, fill the freezing compartment with 
a strong solution of calcium or salt brine, and con- 
uect a water supply of about one or one and a halt 
gallons of wat«r per minute to the ammonia con- 
denser. About eight hours are required to coo! the " 
brine ajid walls of the ice box to the freezing temper- 
ature, after which the plant is ready for the making 
of ice. 

In Fig. 70 is shown a portable combined ice- 
making and refrigerating machine of the Remington 
type. These machines have the combined capacities 
of the two machines just described. 

Water-Cooling Refrigerating Machines.— 

Mechanical refrigeraliou is now generally titled for 



*^oling the drinking water for large office buildings, 
ootels, clubs and like buildings. This requires a 
Xiiniature plant of its own, or an expansion or brine 
<!cil from the general system, when refrigeration for 
other purposes is required in the building, 

The complete refrigerating system for a water- 
cooling plant is shown in Fig. 71. This was designed 
with a capacity of from twenty-five to thirty drinking 
fountains, and is operated by an electric motor. In 
supplying ice water to a building a pump is necessary 
to keep up a circulation through the supply pipes, so 
that cold water will be on tap the moment a faucet 
is opened. If the water were not kept in circulation, 
it would soon grow warm, and considerable water 
would have to be drawn before cold water could be 
obtained. From the circulating pump the risers are 
taken to the attic, or 10 or 12 feet above the level of 
the highest fixture, if there are none on the top floor, 
then returned and discharged into the cooling tank. 
In some cases a small tank called a "balancing tank" 
is provided in the attic, and the water from the risers 
discharge into this, the overflow being carried back 
to the cooling tank in the cellar or basement. Sup- 
ply branches to the drinking fountains are taken off 
the up-risers, so there will always, be a supply avail- 
fcble, and under a suitable head or pressure. 

It is very necessary to insulate thoroughly the 
ice-water pipes or they will condense the moisture in 
the atmosphere, thereby "sweating" and being a 
nuisance generally. 

Layout of a Small Refrigeration System.^ 
Id Fig. 72 lb shown the layout and piping for a com- 
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plete small refrigtration plant of the direct ammonia- 
expansion type. Instead of the engine shown in tk 
iJlustratiou, an electric motor, belt, gasoline engine, 
gas engine, or any other prime or eecondarj' mover 
may be employed to drive the compressor. The 
layout of the apparatus can likewise be arranged lo 
suit the floor space, for outside of the sequence of 
the various operations there is hardly any limit to 
the arrangement and location of the parts. 






Audiffren-Singrun Refrigerating Machine.— 

The simplest refrigerating machine yet designed, and 
the one which brings mechanical refrigeration nearest 
to the home, is the Audiffren-Singrun machine showa 
in Fig. 73. This little apparatus, designed for 
homes, apartments, clubs, stores and like places, 
where ice making capacities of from 11 to 110 pounds 
an hour is all that is needed, are as nearly fool proof 
as it is possible to make anything of this nature. 
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The operator does not need to underatantl tb« machine 
or its operation any. more than he does an eleutric- 
'ighting system. All that is necessary is to throw 
on the electric current when the machine is to be 
operuted, and cut off the current to throw the machine 
out of operation. 

This machine uses sulphur dioxide hermetically 
scaled inside of the machine, as a refrigerating 
'"odium. The liquid cannot leak away, and therefore 
^^Ver has to be renewed. The air is exhausted from 
'he machine at the factory, and the right charge of 
'^frigerant placed within so that thereafter, until the 
'^'achino gets out of order, it will keep up the refrig- 
**'ating of tJie compartments it is intended to cool, or 
■■^eeze water into ice, when operated. 

The compressor, which is simphcity itself, is 
■iiing from the shaft with loose bangers, and counter- 
weighted at the bottom to keep it in an upright pos- 
ition, and act as a safety device by preventing the 
pressure rise above that determined by the designer. 
Lubrication is affected by a forced flow of oil to pre- 
vent metal-to-metal contacts, and reduce wear to 
the lon-est possible limit. 

The sizes, capacities, power, speed and other 
details of the Audiffren-Singrun refrigerating machines 
can be found in Table XXXIII: 

It is not necessary to operate these machines all 
the time. For ordinary service it will be necessary 
to run the machine only for a certain time during the 
morning, and again in the aJternoon to maintain the 
temperature required. The temperature is main- 
tained during the interval by the action of the cold 
brine, which Wiis cooled during the time the machine 
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was ruDiiing. This gradually absorbs the heal whi 
flows into the refrigerator through the insulation. 

Any form of power is suitable for operatmg the 
Audiffren-Singrun Machine. Generally speaking, the 
electric motor is the most practical and conveniett' 
means of suppljing power and ia usually preferre* 
where it is available. The machine can, however, t>' 
operated equally well by a gas or gasoline motor, hj 
a steam engine, or by a water-wheel or turbine who 
a fall of water is available. 



TABLE XXXIU 
CAPACITIBS OF AUDIFFREN-SINORnH MA< 
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Where electric current for power is obtainabi 
at 6 cents per K. W. hour, and condensing water a 
Jl.OO per 1,000 cubic feet, these machines will fumisi 
refrigeration at from 16 cents to 22 cents pep hundrei 
pounds. 

A small system of refrigeration with brine tank 
is shown in Fig. 74. In this system brine is used 
but without brine circulation. The object is to etor 
up enough cold within the compartment to be coolei 
80 the compressor can be shut down over night ani 
the storage rooms still remain cold, and be that wa; 
in the morning, This is accomplished by locatin] 
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a brine storage tank overhead, as shown in the illi«. s- 
tration, with space for the air to circulate from t!ft=ie 
compartment underneath up around the brine taszik 
and back to the cold storage compartment again. 

A brine pump is not necessary for such a systewim, 
and at the same time the brine in the tank will pcm^ 
with its cold, or what amounts to the same thin^, 
absorb heat from the storage rooms during the time 
the plant is shut down. 

MECHANICAL REFRIGERATION IN 
BREWERIES 

Making of Beer.— To thoroughly uoderstai 
the application of refrigeration to brewery woA ' 
necessitates a general knowledge of the making of 
beer. Grain, generally barley, is moistened and 
heated artificially to cause the grains to sprout, la^ 
which condition the starch becomes more soluble 
suitable for fermentation- The sprouting grain i 
then kiln dried after the growing has been carried ' 
far enough, thereby checking all further growth of 
the jjlants. This process is called malting and the 
malted grain is called mall. 

The next stage is to boil the malt with hops i 
large brewing kettles. The liquid drawn off froiafl 
the kettles is known as worl and is what later be- 
comes beer. After leaving the brewing vats the wort 
is cooled, in mechanical refrigeration, a Boudelot 
cooler being used for the purpose. When cooled, the 
wort is stored in large fermenting vats, or tanks, 
where yeast is added to seed with the right kind of 
ferment. It is a peculiarity of beer yeast that it i 
at its best only when subjected to certain temperatun 
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hanging according to the kind of yeast and other 
local conditions between 40" Fahrenheit and 60° 
Fahrenheit. If the temperature should fall and 
Venimn below that minimum, or rise and remain 
Kbove the maximum, the wort would be liable to 
become seeded with wild yeasts, or other ferments, 
vhich would affect the quality of the product mater- 
ially, if indeed it did not spoil it altogether. It is 
Deceasary, therefore, to keep the wort in the ferment- 
ing vats at a uniform and suitable temperature. 

The vaults or cellars where the fermenting vata 
*re located are kept cool by means of refrigerating 
loils. but the process of fermentation develops heat 
Sn the wort itself, and this heat must be removed as 
soon as generated. The heat of fermentation is taken 
care of by means of attemperators, or cooling coils, 
placed within the fermenting vats. 

After fermentation the beer is drawn off into 
■ tuns or vats in the storage cellar, where it is allowed 
to settle and age. The cooling cellar is kept at a 
temperature of from 34° to 38° Fahrenheit. From 
here the beer is drawn off, kegged or bottled, and ia 
then ready for sale. 

In brewery refrigeration practice a complete 
system of mechanical refrigeration is required, which 
may be a compression system, ammonia or carbonic 
anhydride, or an absorption system. Also, it may 
be a direct expansion system, a brine system, or any 
dombination or modiBcation of direct expansion and 
I brine systems that may seem advisable. Aa the general 
principles of refrigeration have already been explained, 
it will be necessary here to describe only those speci&l 
parts or apparatus used in brewery refrigeration. 




Boudelot Coolers. ~A Boudelot cooler whicr: n 
is cook'd by direct, pxpansion of .immonia is shoiv^^'' 
in Fig. 75. The wort passes from the brewiog kettl^^^ 
to a large, shallow tank, open to iho atmospher ■^< 
where it is allowed to cool from its ot-igiual teiiiper^^i" 
lure, about 200" Fahrenheit, to a temperature c^^' 
about 110° Fahrenheit. It is then allowed to trick _Jb 
down over the Boudelot cooler, thereby beingreduced^&ii 
temperature to about 40° or 45° Fahrenheit. It wI^b" 
be observed that the cooler is made in two section. ^' 
The upper part is made of copper pipe, tinned d^^r 
polished on the outside, and through this sectic^^n 
ordinary cooling water flows, passing in at the botto^^^ 
of the coil and out at the top, so that the wanness' 
water will be in contact with the pipes, where the ho *" 
test wort is ilowing over, and all of tho excess hee« t 
of the water passes to the wort near the bottom O^ 
this section, where the wat«r is the coolest. By this 
means the wort is cooled to a temperature of about 
60° Fahrenheit, before reaching the ammonia ex- 
pansion coils of the cooler. The ammonia expansion 
coils of the cooler are made of polished steel pipe 
and polished steel ammonia 6ttinge, on account of 
the corrosion which would be affected by the j 
monia should the coils be made of brass or copper. * 
With direct expansion, the temperature of the wort I 
can easily be brought down to 40° Fahrenheit. 

A Boudelot cooler for beer wort in which brine | 
is used instead of direct expansion ammonia, can be ] 
seen in Fig. 76. Instead of using brine, however,.,! 
pure cold water can be and often is used in the lower 1 
pipe sections of the cooler as a refrigerating medium. J 
If ice cold water is used in the lower pipe sections of \ 
240 
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the cooler, ordinary polished or tinned copper pipe 
fittings may be used, and copper pipe, polished op 
tinned, instead of the ateel pipe and ammonia fittings 
required when direct expansion ammonia is used. 
Otherwise the construction of the cooler does not 
differ, and in operation it differs nowhat from the 
cooler previously described. 

Milk Coolers. — For coolmg milk, apparatus 
similar in design to the Boudelot beer cooler is used. 
This is accepted as being the most practical way of 
cooling beverages, where it is desired to reduce the 
temperature rapidly without danger of freezing. 

Attemperators.— An attemperator aystem for 
regulating the temperature of fermentation is shown 
in Fig. 77. As a minute leak of either brine or am- 
monia would taint the contents of the fermenting 
vats, the cooling medium used in the attemperators 
is generally pure water, commonly called "sweet 
water," cooled by brine. The water is circulated 
through the attemperators by means of a pump, 
aSd the attemperators are located at the top of the 
tubs, where they will do the most good. The hottest 
liquid in the tubs will naturally be at the surface, and 
if this heat is constantly withdrawn, it will be as con- 
stantly supplied from the liquid towered down in the 
tanks, so that a fairly uniform temperature of the right 
degree will be maintained. The attemperator coils are 
kept clear of the sides of the tubs, so there will be a 
free circulation around them and so the pipes can be 
easily cleaned. Usually, enough pipe surface is pro- 
vided to allow about 12 square feet of cooling surface 
for every 100 barrels capacity of the tanks or tubs. 





Cooling Coils for Fermenting Room.— The 
frigerating coUs in fermentiog rooms are variously 
ranged to suit the requirements in each case, care 
ling taken to avoid drips from the pipes into the 
ibs. One method of arranging the pipe coils is 
iDwn in Fig. 78. There is less danger of water drip- 
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ng into the vats when the bnne is shut off with this 
stem of piping than when the pipes are tpaced gnd- 
te on the ceiling. It is well to keep the pipe coils 
gh instead of low, because a better and more uniform 
mperature can be maintained in that e 





of space, according to the exposure of the vaults, 
their size, ordinary temperature, temperature of the 
beer when stored, Eind kind of insulation used. 

In calculating the amount of refrigeration re- 
quired for brewery work, the specific heat of wort of 
different strengths mu8t be known. This informa- 
tion can be found ia Table XXXIV: 

Refrigeration for Packing Houses. — In pack- 
ing house and abattoir practice, refrigeration has but 
three applications outside of the usual refrigeration 
processes already described. That is a chilling roonll 
is required in which the pork, beeves and mutton aroj 
placed after slaughter, in order to cool them from 
slightly below blood heat, 95° Fahrenheit, to a proper 
storage temperature, which is about 35° Fahrenheit. 
The slaughtered animals are left to cool a few degrees 
in a well- ventilated room before taking thej 
chilling room. The chilling rooms for their purpi 
are kept at a temperature of about 28° Fahrenheit, 

From the chilling room the carcases are taken 
a storage room maintained at a temperature of aboul 
35° Fahrenheit, where they are kept until wanted, 

Besides the chilling room and storage rooi 
special freezing rooms of a temperature of 10° aboi 
zero, Fahrenheit, or under, are necessary, 
often desirable to freeze the meat before shipping. 

Coils for Chilling Rooms. — Brine circulation, 
as a rule, is preferable to direct-expansion ammonia 
in the chilling rooms, and where head room is not 
restricted, the system of piping shown in Fig, 80 will 
be found the most suitable for the purpose. Wherei^ 
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head room is Inckiog, the coils may be placed OD 
ceiling and side walls, the same as in storage vaults 
of breweries. 

With coils such as are shown in the illustration, 
there is a circulation from the carcases where it ta 
heated and moistened, to the pipe coils, where the air 
is again cooled and deprived of its moisture, which 
settles on the coils in the form of ice. This is rather 
favorable to the meat, as it withdraws at the same 
time both the animal heat and the excess moisture. 

The coils are usually made of IJ-inch pipe and 
are made up in lengths of from 300 to 600 feet, witk 
valves on the inlet and outlet, so the temperature 
may be regulated by cutting out or throwing inti> 
service, as occasion requires, one or more coils. A. 
gutter is provided at the side of the drip board to 
carryoff the water when the ice is cut or thawed 
from the coils. The drip boards are preferably 
lined with some metal to keep the moisture from drip- 
ping through onto the meat stored beneath. 

While brine circulation is preferable to direct 
ammonia expansion on account of less danger oft 
spoiling the stored goods in case of a leak, that is the 
only advantage in favor of brine, so, as would be 
pected, direct expansion is also used for this purpose, 

When direct-expansion coils, or brine coils witb^ 
brine at 0° or cooler are used, 1 square foot of pipe 
surface will be found sufficient for from 20 to 21 cubic^ 
feet of storage space. In the case of brine circulation 
at 15° above zero, 1 square foot of pipe surface will bei 
sufficient for only 11^ to 12^ cubic feet of storage' 
space. It takes 2.3 lineal feet of IJ-inch pipe to equal 
1 square font of outside pipe surface. 
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The other rooms in packing houses differ from 
Ike chilling room principally in the temperatures 
Bquired. Any method of piping heretofore explained, 
>r any modifinations of the systems may be used, and 
ihe amount of refrigeration may be determined by 
he rules ami foninihia silrcady givfti. 

EXCAVATING BY THE FREEZING PROCESS 

Quicksand and Swamp? Soils.— In building 
iperations it is often necessary to sink shafts or make 
itber excavations in soft, watery soila; in order to 
[et a solid footing for the foundations of pillars and 
falls of buildings. In some cases the soil is soft 
from the surface down, as, for instance, in the salt 
Jersey marshes. At other times, a stratum of qujck- 
aand will be found intercalated between two beds or 
strata of dry and solid material, which have to be 
pierced in sinking the shaft down to the required level. 

The soil of swamps and salt marshes is usually 
of a heavy nature, consisting of vegetable materials, 
decomposed and black with age and change. In 
some places the interlacing rootii of growing vegetation 
pve a greater or less stability to the mucky soil, but, 
Be a rule, it is very unstable and hard to excavate for 
the reason that, being over-saturated with water, it 
flows, if not exactly like water, at least like a more 
sluggish and viscous fluid. By confining the space 
to be excavated with sheet piling, and keeping the 
enclosure free from water by pumping, the excava- 
tion can be successfully prosecuted, as it likewise can 
by means of the freezing process. 




Quictsand, on th€ other band, is of minetal 
origin. It is DoUung loore or leas than sand, leoolly 
Tery fine, generally with rounded forms, which mort 
freely over one aDotber, and sometiintt united with 
a small percentage oi veo' &oe day or possibly s>m 
loam. It owes tt£ peculiar characteristics to the fact 
that it is highly saturated with water — so higblT sal- 
orated, in fact, that the grains are baored up and tlK 
slightest pressure displaces them. When not 
pletely covered with water slight tramping will bnat 
the water to the surface, and when subjected to aaf 
disturbance it will quake like jelly. In this conT 
tion it is not only troublesome, but dangerous. 

If, after ha^-iug become quak>', quicksand is li 
quiet and undisturbed for a few hours, the heaviw 
particles settle to the bottom, expelling the wal 
so that the ma^ becomes reasonably firm again. Ifi 
on the other hand, when in the quaky condition tt 
becomes still further disturbed, it will take up m«8 
water and become more and more fluid, until it b» 
comes almost as unreliable na water for suppoi 
any weight, and more difficult to manage. 

Quicksand is perhaps the worst material 
which the builder has to deal. Excavations made! 
this material are always troublesome, and often attem 
ed with great danger. To attempt to make an exeik- 
vation in quicksand which is thoroughly saturated 
with water, by any of the ordinary methods, is like 
attempting to driU a hole in a body of water; the 
hole will till up as fast as the material is taken out, 
and an unfortunate misstep into a bed of quicksand 
is liable to engulf the workman unless assistance is 




It b impossible to excavate in wet quicksand 
[without taking means to prevent it running into the 
lescavattoD apace from the sides and bottom, and one 
■of the best means to this end is the freezing process 
■of excavating. 



Poelsch Freezing Process.— There have been 

zmmber of methods suggested for freezing soft 

luid earth in excavating, all of them similar in general 

Lciples of operation, but differing slightly in de- 

and in the refrigerating agent used. The Poelsch 

ocess, however, is the only one used to any extent 

in practice, and the one commonly accepted as the 

standard. 

The method of using the Poelsch freezing pro- 
cess, and the apparatus used, outside of the refrig- 
erating plant, is shown in perspective in Fig 81. 
Freezing pipes are driven down through the soft 
material to be excavated and into a solid stratum be- 
neath. These freezing pipes are then connected above 
ground by means of a main header, and a branch 
from the main header leads to the suction pipe of a 
pump so that the liquid used for freezing purposes 
can complete its cycle by being pumped back into the 
brine tank. The circulating pipes which are inside 
of the freezing pipes are likewise connected above 
ground, and the main brine pipe from the header is 
connected to the brine tank. The short connections 
between the header and the freezing pipe, also be- 
tween the header and the circulating pipes, are con- 
trolled by valves so that any one line can be cut out 
of service for repairs. All pipes above ground, and 
where beat is not to be withdrawn, must be protected 
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ith a good covcriDg of some non-heat-conducting 
terial, so there will be no waste of power and the 
<!oId will be applied where most needed. 

The freezing pipes in the illustration are shown 
driven in a perpendicular position. Sometimes, 
however, they are driven with an outward pitch to- 
ward the bottom, particularly in deep excavations, 
80 that the ice wall will be thicker near the bottom 
where the greatest pressure will have to be borne, 
Driving the freezing pipes down into a solid stratum 
below the quicksand insures the bottom level of the 
aoft material being congealed so that it can not flow 
through at this point and 611 the shaft. 

Cold brine is used as the freezing medium in this 
ffocess of freezing earth for excavating, and a eom- 
riete refrigerating apparatus, of course, is necessary 
or cooling the brine. A portable outfit for this pur- 
m be had; and the compression system In 
which anhydrous liquid ammonia is the refrigerant 
b the type of apparatus commonly used. 

The use of galvanized pipe and fittings is best 
or the purpose. Rust scales on black iron pipe have 
len known to lodge in one or more of the circulating 
pes, thereby blocking them and rendering them 
iseless. This is liable to produce a weak spot in the 
e wall, if not discovered in time, for with any of 
le freezing pipes out of use the lee around them is 
lable to thaw. 

InBtalling the Freezing Pipes. —Tlic most 
iostly and difficult part of the installation is putting 
iie freezing pipes in place. In soft earth free from 
big stones or other obstructions, the freezing pipes 
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can be driven. A\"here the quicksand is between two 
Htrata of solid earth, however, particularly when some 
distance from the surface, the holes are better drilled 
to the required depth, and the 
freezing pipes placed in the holes 
3^//f* so drilled. If no boulders we 

"^^ encountered the drilling is s 
simple process, which becomes 
[-5wa>i« complicated and costly in pro- 
* portion to the number of ob- 

stacles encountered. When the 
pipes are to be driven into place 
instead of making ready for them 
by drilling, a casing large enough 
■ca/ahnq foJ" the freezing pipe to slip inside 
V*' of is first driven down to tht' 

required depth. The material 
is then removed from inside of 
this casing, the freezing pipe 
■"5">9 lowered into place, and the casing 
is then withdrawn, lea\ing the 
freezing pipe in contact with the 
earth, which closes in about it. 

Detail of Circulating and 
Freezing Pipes. — The combi- 
nation of circulating pipe and 
freezing pipe is shown in Fig. 82. 
The outside pipe, which is in 
Refriie™i)r« Pip* for coHtact wlth the earth, is known 
FiwaiiiB Soft E«iii ^g jhc freezing pipe, while the 
inner tube is known as the circulating pipe. In this 
form of apparatus the cold brine moves in the small 



tube in tlip center of the freezing pipe, nnd from 
there escapes at the bottom into the freezing pipe, 
where it rises and overflows into the auction pipe. 
U will be observed that when this order is followed 
1 coldeat of the incoming brine is in contact with 
the pipe surrounded by the heated outgoing brine, 
tad is consequently robbed of part of its cold before 
it has had lime to perform the work for which it is 
being circulated. It will he foimd better in practise, 
therefore, to reverse the order shown in the illu.s| ration, 
and discharge the cold brine direct into the freezing 
pipe, using the circulating pipe for suction. Either 
method may be used, however, at the option of the 
engineer in charge. 

It is necessary that the freezing pipe be abso- 
lutely tight. Should a leak permit the brine to 
escape and saturate the ground around the freezing 
pipes, it would become more difficult to freeze the 
earth, if indeed not impossible, for salt water outside 
of the freezing pipes will not freeze any more readily 
than when inside of the pipes. A few large leaks, 
moreover, would entirely defeat the object of a freez- 
ing plant and process. 

In shallow workings the circulation pipe is sup- 
'ported by the fittings, as shown in the <lrawing. In 
deep shafts, on the other hand, the circulation pipe 
is allowed to rest on the cap at the bottom of the 
'freezing pipe, and slots are cut around the pipe u( 
the lower end to allow the fluid to flow from one pipe 
to the other. 

Insulation of Freezing Pipes.— In shaft-sink- 
ing where the freezing pipe for any reiison has lo pass 





ttirough a stratum of earth which dofn nol need W 
be held in place by freezing, the pipe can be insiilntet! 
at such points so there will be no transfer of heal, 
and no unnecessary consumption of power. By tlii' 
simple process of insulation, a transfer of heat can 
be made to take place at any point or point-s along 
the line while at other points the freezing proa® 
is entirely suspended- 



Expansion Joints or Fittings.— Allowance 
must be made in deep wurkinRs for expansion and 
contraction. As the pipe cools it contracts in \va 
diameter, and area, and the cooler the pipe becoo 
the more it contracts. When first installed the pipcn 
is of its maximum size, and is of the temperature of 
the earth surrounding it. When chilled brine is 
allowed to flow inside, the pipe chills somewhat, hut 
there is such an active transfer of heat taking place 
that the temperature does not drop much. Som^ 
times one stratum will require less heat loss to freeie 
it, and it will then grip the pipe like a vise, while 
another stratum at a different point does likewise. 
Any further contraction in length then puts a strain 
on the pipe and fittings which might cause a leaL 
To avoid this, in very deep shafts, it is well to pro- 
vide a slip joint or expansion joint to take up the con- 
traction of the line. 

Size of Circulation and Freesing Pipes. — The 

freezing pipe used in this process may be of any size, 
and in practise it varies from 4 inches to 8 inches in 
diameter. The larger the pipe, of course, the greater 
the cooling surface, so that for quick freezing, or 
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where hard freezing is required, the largest sizi; of 
pipe would prove the moat satisfactory. Also, where 
there would be a great heat loss, the large sizes of 
pipe will be found advantageous. The size of cir- 
culating pipe ranges from 1 inch to 2 inches in dia- 
meter. It may be a-ssumed as good practise to use 
1-inch circulating pipe for 4-inch freezing pipe; Ij- 
inch circulating pipe for 4^ and 5-inch freezing pipe; 
Ij-inch circulating pipe for 6 and 7-inch freezing 
pipe; and 2-inch circulating pipe for 8-inch freezing 
pipe. 

Freezing Solution.— The freezing solution used 
in the freezing process is calcium chloride, which 
must be reduced in temperature to 20° or 25° beluw 
sero, Centigrade, which is equivalent to from 4" to 
13° below zero, Fahrenheit. This will require about 
a 24 per cent, solution of calcium chloride, or about 
250 to 275 pounds of chloride of calcium to each 
1,000 gallon.'^ of water used. 

Process of Congelation. — When the refriger- 
ating system is put in operation the process of con- 
gelation takes place in two distinct stages. In the 
first stage a cylinder of ice forms around each of the 
freezing pipes, and these cylinders increase uniformly 
in all directions until the adjacent cylinders touch 
when the ice unites, forming a closed wall of frozen 
material. In the second stage, after the ice is formed, 
each cylinder of ice tends to increase in a circle as 
before, but as the cylinders interfere with one another, 
a fluted annular ring is formed. After the ring is 
formed there is an unequal heat loss between the 
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inside and tbe outside of the wall of ice, That por- J 
tioD of the earth enclosed by the freezing pipes !»- ' 
comes successively colder, while outside of the ice 
wall the earth remains at its normal temperature, 
supplying heat continuously in an effort to melt the . 
ire. The result is that the rings of ice increase mucbi 
more rapidly inside of the ring of pipes than outsidaB 
of the ring, on account of the unequal heat loss. 
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Time Required for Preezinff.— The time »] 
quired for freezing naturally varies in ev 
and dcpt'iuls upon the nature of the material to 
frozen, the thickness of the wall of ice, temperati 
of the material to be frozen, and of the atmosphere 
at the site. A semisolid material, of course, would 
require less time and less energy to freeze than a mote 
fluid material in which a constant movement of wj 
in circulation kept supplying heat almost as fast 
it was withdrawn. The fluidity of a material, lit _ 
wise, would determine the thickness of wall that 
would be required, for a heavier and thicker wall 
would be required to hold back a fluid material like 
muck or quicksand than a more solid earth. 

In actual practise, taking the data from twenty- 
one freezings, the minimum initial freezing was 15 
days, the maximum 365 days, or one year, and the 
average 94 days, or slightly over three montlis. 
The initial freezing period covers the time from start- 
ing the refrigerating machine to the beginning of the 
excavation. The freezing process is not discontinued 
when the excavating is commenced, but is continuet 
in operation until the work is completed. 




strength of Frozen Materials.- -TIil- strength 
of the frozen material varies greatly with the nature 
of the material and the quantity of water present. 
"Unless there is sufficient ground water to surround 
the grains of material and completely enclose them, 
the walls will be comparatively weak, but at the same 
time there will be less liability of the material flowing 
or caving when not frozen. When the water fills the 
voids between the grains of material it acts as a 
cement, and when frozen holds them bound together 
in one complete mass. 

From teats made it may be stated that the tensile 
strength of frozen earth is 431 pounds per square 
inch, and the compression strength 575 pounds per 
square inch. As it is the compression strength which 
ia brought into play generally, making due allowance 
for different materials, it might be well, perhaps, to 
assume an ultimate compression strength of not over 
500 pounds per square inch, and freene the wall of 
corresponding thickness, allowing a suitable factor of 
safety, to hold back the thrust of earth and water 
bearing against the wall. 

Excavating: Frozen Material. — Experience has 
proven the fact that it is desirable to commence 
excavating while there is yet an uncongealed space 
in the center of the shaft or working, as the excavating 
is thereby made easier. In such cases, however, care 
must be taken that the annular ice ring or wall is 
carried well below the level of the water-bearing 
material, or else the lower end of the cylinder or 
fhaft to be excavated mu.st be frozen solid, otherwise 
the fluid material will flow into the shaft when it is 
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carried below the frost line. When the lower end 
of the shaft or working is to be froit^n solid it eaii be 
acconoplished by insulating the central portions of tlie . 
tubes where cold is not wanted. Excavating ia ] 
seldom started until the ice wall is thick enoi^h to J 
encroAch on the area to be excavated, consequentlf I 
the thickness of the ice wall is rarely less than 3 feekJ 
It was believed at one time that the ice wall aroundl 
a circular shaft took the form of a truncated coneifl 
with its greatest diameter at the base. Experien»B 
has since shown that the frozen mass may assume axjl 
shape, and does, according to the nature and specific 
heat of the material frozen. Some take the form ol 
a truncated cone with the largest diameter at thf 
base, others take the same form but with the largest 
diameter at the top. Some are cylinder-shaped, 
some a cylinder of varj-ing diameters, and some the 
shape of a barrel. 

The frozen material is generally about as hard 
and difficult to excavate as soft sandstone. In the 
early days of the process the frozen material was ex- 
cavated entirely by means of picks, wedges, and 
chisels. At the present time, however, powder, 
dynamite, and gelatin are used for this purpose, care 
being taken not to use a charge large enough to shatter 
the ice wall or break the freezing pipes. There is 
less danger of damage to the ice wall, it would seem 
judging from past experience, than there is of break- 
ing some of the freezing pipes. 

In drilling the frozen material brine will be found 
the best fluid to use in the drill holes. Ordinary 
water will freeze and hold the drill fast in place, whlln 
strong brine will have no such effect. 
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Lining Shafts. — When excavaling by tlip freez- 
ing proce!>s the walls must be lined as the shaft goes 
down to keep the material in place and prevent an 
iccident in rase the wail gives way or thaws out. 
In permanent open shafts, that portion of the wall 
^hich is fomposed of quicksand or soft earth must be 
lined with a permanent waterproof lining strong 
enough to hold back the thrust of the soft material. 
In temporary excavations, on the other hand, the walls 
of the shaft may be lined with sheet-piling of wood or 
Bteel, whichever is the most convenient; and the sheet 
piling may be removed when the work is completed. 
Often an engineer has the footing for the foundation 
of fl pier to start on a solid stratum below a layer of 
quicksand, and the freezing process can be used to 
good advantage for this purpose. 

It must be understood, however, that the freezing 
process of excavating is not offered as a general method 
of excavating in soft or fluid earth, or wherever quick- 
sand is encountered. Often the ordinary method of 
sheet piling around the excavation with interlocking 
sheet piling made practically watertight, and the 
seepage water kept out by means of pumps, will be 
found not only more satisfactory, but will be a quicker 
process than freezing a wall around the shaft to be 
excavated. Judgment must be exercised in selecting 
the method of excavaling in soft earth, the same as 
it must be exercised in any and all other engineering 
problems. There is no one process which is beat 
under any and all conditions, and the best for any one 
i*et of conditions is a matter for the engineer in charge 
to decide from all data at hand. In an extremely 
warm tropical climate it would, of course, not only 




Qtf^? QBTHODS of Making Ice.— There arc 

n two priiiripal systems for making ice, 
J\^ 11 known respectively as the plate system 
H and the com system These two sys- 
w^iB terns however, have certain modifica- 
tions, such as the block system and the cell system 
but they are only modifications, not really different 
methods. 

Ice making, whether plate, can, block or cell 
method, is but one of the many applications of mechan- 
ical refrigeration. It h simply utilizing the cold pro- 
duced by compression or absorption for freezing water 
into ice, instead of cooling a storage space, chilling 
beef, cooling beer, or any of the other uses to which 
it is put. It would follow naturally that a system of 
refrigeration such as was desscribed in the preceding 



chapters wuiiM be Ihe first and mocit important ele- 
ment in ice mnking. But that pan of the system 
need not be considered here. All that will br neces- 
sary will be to explain how the expansion of ammonia 
or the circulation of cold brine can be used in practice 
to freeze water, thereby forming icp. 

Two important facts to bear in mind in the 
study or practice of ice making is that no water eiiats 
in nature absolutely pure, and that water in freeiing 
purifies itself of mechanical impurities, or matter in 
suspension. Indeed, to a certain ext*nt, freering 
water will free itself of matter held in solution, and of 
bacteria. The more contaminated a water is with 
suspended impurities, however, the more power re- 
quired to frceie it, for energy is consumetl in forcing 
the suspended matter out of the freezing water. 
From an economic standpoint, therefore, it is better 
to use only filtered water in ice making. From a 
sanitary standpoint, no water should be used for 
this purpose which is not dear and wholesome. 

Example of Plate Ice-Making. — In Fig. 83 is 
conveniently shown how plate ice is made. A large 
tank which may be made of any suitable material, 
but preferably wood, is divided up into compartments, 
as shown to the extreme right of the illustration. lo' 
each of these compartments is then placed one or two 
hollow steel or cast-iron plates, in the hollows of which 
the refrigerating fluid can circulate. The taaks are 
filled with water, and when the ammonia or brine A 
turned into the hollow between the plates, it begina 
to absorb heat from the water ui the tank. When 
the temperature of the water has been sufficiently 




lowered, ice begins to fiirm in thin Inyers all over the 
surface of tlie hollow plates, iind this layer keeps in* 
creasing in thickness until it is 11 to 14 inches thick, 
when the ice is removed and the process repeated. 
Owing to the large space in the tank, all impuritlts ifi 
the water are driven off by the process of freezingi 
and settle, generally, at the bottom of the tank, where 
they can be Qusbed out before the tank : 
filled to freeze another plate of ice- Also, owing to 
the clarifying process of freezing, ordinary potable ■ 
water from any suitable source of supply can be 
used for plate ice making, without either filtering or 
distilling St. Waste and water supply connectioi* 
for each compartment, of course, will be necessarj*. 

Once the ice has formed on the sides of the metal 
plates, it will adhere there until removed either I 
mechanical means or by heat. The common practiot 
is to turn the hot ammonia gas into the expansioi 
coils between the plates, where direct expansioi 
coils are used, or pump warm brine into the s 
between the plates when brine is used for freeezin 
purposes. The hot gas or brine heats the plate, th 
ice melts slightly at the surface, and the plate of io 
thus freed from contact with the plate, floats in t 
water of the tank, from where it is removctl and cU 
up, ready for storage or distribution. The freezia 
plates are spaced from 15 to 18 inches betwed 
according to the thickness of the ice that is to I 
harvested. 

Dry-Plate Ice-Makingr. — There are two : 
tems of plate ice-making in use, known as the DrJ 
Plate System and the Wd-Plate System. In 
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(Ipy-platc system, which is shown in Fig. 84, dirett- 
expansion coils are placed between two iron or steel 
plato3, and the heat is alworbed from the water mth- 
out the aid of any intermediate agent. When tbe 
ice has formed and is ready for harvesting, hot am- 
monia gas is allowed to enter the expansion coils to 
heat them and melt the ice from- the plates. 

The principle condition to be guarded against 
in the dry-plate system is unequal freezing of the Ke- 
lt the expansion is unequal throughout tbe coUs, the 
ice will not form evenly over the whole plate, hut 
will bo thickest where the ammonia is admitted to 
the coils, and taper out to a thin plate at the outlet. 
Care must also be taken that the water does not 
freeze so rapidly that the air cannot be liberated, or 
a white, "snowy" ice will result. After a few inches 
of ice have formed on the plates, the ammonia must 
be cut down or there will be danger of the coils frost- 
ing through and liquid ammonia being carried to tbe 
compressor. 



Wet-Plate Ice-Making.— The wet-plate system 
of ice-making is shown in Fig. S.l. A perfectly water- 
tight hollow plate is filled with brine, in which is sub- 
merged continuous-weld ammonia coils. The liquid 
ammonia expanding in those coils cools the brine 
throughout to a uniform temperature, so that all 
parts of the plates are cooled to the same degree, 
insuring a uniform freezing of the ice. When the 
ice is of the right thickness for harvesting, the ammonia 
shut off from the coils, the cold brine withdrawn, 
and cold water, or brine, never warmer than 60° 




ration and Ice KakiDf' 



Fahrenheit, is pumped into the hollow cells. Water 
or brine warmer than 60° !>hoi)l«l not be used, as it 
is liable to "craze" or "shiver" the ice. Instead d 
changing the brine, hot gas can W allowed to tula 
the coils, healing the brine and loosening the kt 
from the iron plate. 

Connections to Plate Ice-Making Tanks- 
In Fig. 86 will be seen one method of eonnectiug up 
the various lines to a plate-ice tank, in which four 
lines of pipe are used. One line is lor the liquid 
ammonia, another for a reserve supply of liquid a 
inonia condensed when hot g;is i.s used to thaw or 
melt off the plate of ice; the third Ls a hot gas line fc 
tiiawing purposes, and the fourth is a suction mainti 
the compressor. When the tanks are all ready ftt 
ice milking, the liquid ammonia from the receiver i 
turned into the liquid line, all valves being clo8 
ijn the tank connections. A beginning is made b] 
opening valve/ wide, then all d valves, and expandiq 
through valves a into two plates from one valW 
When the ice has been frozen the desired thicknai 
in any compartment valves b, f and d are 
and after the ice is properly tempered, the hot gas I 
turned on through valve e, opening valve b wide I 
ihe same time, as well as valve c, and permitting i 
condensed liquid ammonia (condensed in the expal 
fiion coils cooled by the surrounding brine), flow 1 
Ihe liquid reserve line, and from there to one or m< 
compartments, re-expunding in the coils between t 
hollow plates, through valves a, then back to the ca 
pressor through the main suction line. Any modi&ct 
tion of this system may be used to suit local eonditioni 
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Sizo and Thickness of Plate Ice.—PIate ict 
has been ruiule iu sizes as hirge as 12 x 20 feet, and 
12 inches thick. Such a plate would weigh aboat 
7 tons. Smaller plates of ice are usually made, how- 
ever, a fair average being 10 x 12 feet, and 12 inche* 
thick. Plate ice varies in thickness from 8 lo 14 
inches accordmg to the practice of the plant where 
it is made. It takes from five to twelve days of con- 
tinuous freeziug in the average plant to produc 
of such thickness. The water in the tanks is kept in 
motion by means of air injection, which assists mater- 
ially in the production of crystal ice. The ice so 
produced is liard and store* well. 

Pore-Cooling Tank. — A fore-cooling tank fci 
the storage of a sufficient quantity of water to fill 
one compartment of the freezing tank is always pKfc 
vided. This cooling tank, like the freezing tank, 
l>est constructed of spruce or other suitable lumltei^ 
which will not impart a taste to the water, and i 
provided with an endless pipe coil, through whicb^ 
the ammonia gas passes on its return to the compre» 
sor after having been expanded in the plates, 
thi.s means a supply of cold water is always ready fdl 
refilling the freezing tanks after the ice is removed, 

Hanresting Plate Ice. — The plates of ice genu 
ally have iron eye rods frozen in them for conveQieni 
in handling. When they have not, chains are slippo 
around the plates, while they float in the water of tf 
freezing tank, and the plates are removed from tl 
tank by an overhead traveling hoist, which convcyi 
them to a tipping table conveniently arranged 
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receive them, and lower them to a horizontal position, 
where they are cut into blocks of convenient size for 
handling or storage. For this purpose a steam ice 
cutter or an ice plow is used, which does the work 
very rapidly and with hut slight waste, A plate of 
ice can be cut into suitable storage blocks in from five 
to ten minutes. 

The Block System of Ice Making.— The block 
system of ice making is a modification of the plate 
system in which the ice is formed directly on the ex- 
pansion coils, without the use of smotith steel plates, 
and is cut into blocks direct from the pipe coils in 
the freezing tank, by means of a steam ice cutter. 
The blocks of ice weigh from four hundred to six 
hundred pounds, and require but a simple hand 
hoist and overhead runway to remove them from the 
freezing tank. 

The block system of ice-making, however, is not so 
extensively used as the plate system, although the 
block system has its advantages the snme as every 
other method has. Indeed, in ice making and refrig- 
eration, as in all other engineering systems, there is 
no one method which can be pointed out as the right 
and only method for all conditions. Each Installation 
must be studied in the light of all surrounding facts 
bearing upon it, and from the fullness of this know- 
ledge, the right system for the plant determined. 
Sometimes direct-expansion ammonia systems will be 
found best; other times the brine system. Again, the 
absorption system might prove the most satisfactory 
and economical, or the carbonic anhydride system 
might give the best results. 
275 



1 




it&ry Refrigerftti 



and Ic 



Hiki 



The method of refrigeration having been decided 
upon, the system of ice-making must be determined. 
Sometimes the best for the purpose is the plitft 
system; at other times it might be some modificaticaf 
of the plate system, such as the block system. On tltt 
other hand, the can system might be the most ecoa? 
omiial and satisfactory, or a modification of the can 
system, as for instance the cell system, which partake 
of the nature of both the plate system and the cm 
system, might be the most satisfactory. 

Withinthese pages all these systems are describeifc 
and from them the selection may be made. 





Qj«!>QN illustration of a freezing tank for the 
in can system of ice making may be seen 
A II in Fig. 87. Beginning with the tank 

l|J itself, this system differs materially 

r— 7iS from the plate system. In the plate 
^stem a wood tank is commonly used, so the water 
will not become impregnated with iron rust, or other- 
wise affected. In the can system, on the other hand, 
steel tank well insulated is commonly used, Three 
inches of cork board on the sides and four inches on 
the bottom, or the equivalent in other materials, all 
encased in wood, will make a satisfactory insulation 
for the purpose. Ammonia expansion coils are placed 
in the tank which is then filled with brine, and ice is 
formed in the ice cans, almost filled with distilled 
water, by the brine in which they are placed and which 
circulates freely around the cans. In order to keep 
the brine in all parts of the freezing tank at a uniform 
temperature, a brine aggitator is used to keep the fluid 
always in motion. The ammonia coils are run in 



parallel racks, with spaces enough between them for 
the ice cons to fit in. The brine serves as a cooling 
medium between the expansion coils and the ice cans. 

In the plate system of ice making the ice forms 
on the polished steel plate, and proceeds uniformly 
in one direction, thus eliminating all impurities which 
are forced ahead of and away from the forming ice, 
thereby remaining in the water of the tank. In the 
can method of ice making, on the other hand, the ice 
forms simultaneously on all four sides and the bottom 
of the cans, forcing the impurities towards the center 
where a "core" or "feather" of snowy ice and the 
rejected impurities is formed. 

In artificial ice making it is necessary in order to 
produce transparent ice, to remove the air and im- 
purities from the water to be frozen. There are two 
methods of doing this. In the plate ice making sys- 
tem the water is aggitated by forcing fresh air through 
it during the process of freezing. This eliminates 
the air. and the freezing process rids the ice of sus- 
pended impurities. Such a product is known as 
"raw water ice." In the second system the water 
is filtered and distilled before using. This is the pro- 
cess used in the can method, and produces a bright 
clear lee with the exception of a small core or feather 
in the center. 

Another method is to make the cans large enough 
so that the ice can be cut through the center or divided 
into the desired number of pieces, usually four, these 
divisions being made so the resultant blocks wilt have 
practically the same structure as plate ice; that is, 
it will be frozen from the one side. This method 
maJira it possible to remove when necessary the im- 





purities contained in tlit' i-pnter or corp of the oripnal 
block. The center of the block may be pumped out 
and refilletl with fresh water and frozen 
may be left unfrozen if desired. In this system t!ie 
water being frozen is agitated by airor by circulation. 

Ice Cans. — An ice can for making can ice is 
shown in Fig. 88, and the sizes, dimensions and 
standards adopted by the Ice Machine Builders' Asso- 
ciation of the United States will be found in Table 
XXXV. The cans are made of the Best Bloom 
galvanized sheet, and are well riveted and soldered. 
^ \ll cans of 300 pounds capacity 

or less are made of Xo. 16 gauge 
material, and are turned over 
top and bottom. The 400 jraund' 
I ins are made of No. 14 gauge 
material. All the 200, 300 and 
400 pound cans have J x 2 incll 
gilvanized bands around the' 
top and the smaller sizes bare < 
\ \ li inch galvanized bands 
around the top. 

The ice cans are perforated 1 

at a, the perforations extending 

Fia. KB through the galvanized iron 

i«cans bands to afford a hold for the- 

yoke used in lifting the cans from the freezing tank, 

and conveying them to the thawing apparatus. 

Brine Afgitators.— If the brine in the freezing 

tank were not aggitated by some means, the local 
circulation would be sluggish, and the brine in con- 
tact with the ice cans after becoming heated would 
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not move away fast enough to bring about rapid 
freezing of the water. To insure a constant move- 
ment of the brine, therefore, some form of aggitator is 
always used. Some- 
times this is in the 
form of a centrifugal 
pump, but more often 
a propeller blade simi- 
lar to the one shown 
in Fig. 89, which 
when set in motion 
keeps the water so 
aggitated that Ihe 
temperature through- pi^ b9 

out the tank is prac- •'■^"^ AKwitaMr 

tically uniform. A partillon is generally placed in 
the freezing tank near the aggitator so a circuit can 
be established, the brine flowing to the propeller blade 
in a steady stream, and away in a constant current. 
There are many modifications of this propeller used 
in practice, but they are all constructed and operated 
on the same general principles, 

TABLE XXXV 
SIZE AND DIMENSIONS OF CANS 
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TliicknwHofMMMin] 


Top 


Boltom 


Ulh. 


Siiat 


Bottom 


30D Iba. 


8 iia 


7^1 7ti 


i 


33 


11 


S.1! 

No. 10 

No. 11 




Automatic Can Fillers.— For filling the ire 

an automatic filler similar to that shown in 

Fig- 90 will be found convenient. The float can be 

so arranged that when the water reaches the right 

height in the can it nHIt be automatically shut off, 

and all the attendant has to do 

i» move the filler to the next 

ice can. 

Framework and CoT«r 
for Freezing Tank.— The 
framework and covers of free*- 
ing tanks are generally made 
of two thicknesses of 2-incb 
dressed lumber securely fastened 
together. They rest directly on 
top of the cans, thus not only 
insulating the top, but they are 
of sufficient weight to hold tho 
cans in place. The framework 
of each opening is made at 
sufficient depth so that the bot- 
tom extends into the brine, 
thereby effectually sealing each 
opening, and preventing hot air 
from circulating beneath the 
i.umm»uc«m ru«=r framcwork and coming in con- 
tact with the other cans when one can is removed. 

Time Required to Freeze Can Ica.~Th& 

length of time required to harvest can ice is much 
less than for plate ice. Whereas it lakes from five 
to twelve days to freeze a plate of ice, can-ice can be 





48 hours. In practice the plant is so operated Ibal 
part of the ice will be harvested each day, instead 
of harvesting it all one day, then waiting two or more 
days for the next yield. 



HarreBtlne: Can Ic0.- 



■As the blocks of ice 
heavy, ranging aU the 
way from 
60 pounds 
to 450 
p o u n d s,< 
accordiag 
to the si! 
of can 
used 
allowaoce 
being 
made for 
the 10 pet 
cent, ovi 
weight i 
lowed for 
loss an(£ 
trimming 
and t ha 
weight < 
the can i 
self, son 
form c 
lifting de< 
vice must 

be used to take the Lins from the freezing tank andl 

con\ ey them to t he thawing de\ ice where th*. 
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iakes of ice are removed from the cans. Fig. 91 
(Bbows one form of traveiing crane and hoist used 
ftoT this purpose. Apparatus for this purpose may 

be had in various designs, and operated by compressed 
electricity or hand power. 

. Can lee Thawing Apparatus.— From the 
freezing tanlcs, the ice cans containing their blocks 
iof ice are conveyed by the traveling crane to a thaw- 
ing apparatus where the cans are heated enough to 
tlUow the ice to slip out. The ice cans are made with 
a slight taper so the ice will slip out easily as soon 
as detached from the sides of the can. A thawing 
Apparatus is shown in Fig. 92. When in this position 
B can containing ice is placed in the receptacle, which 
IB then turned over on its axis until the open end 
points slightly downward. Thawing water is then 
turned on through the spraying pipe which sprinkles 
every part of the can simultaneously, causing the 
ice to thaw uniformly over its entire surface. The 
dump is generally so balanced that after the ice slides 
{rom the can it resumes its upright position ready 
^to receive the next can. In some thawmg apparatus 
>tbe water is turned on automatically as soon as the 
dump is turned in a position to discharge the ice, 
fand is turned off automatically as soon as the dump 
[Ksumes its upright position. Again, some thawing 
|de vices are mounted on revolving turn-tables so 

LC ice can be discharged in any direction; and 
tttill others have drip pans to catch the thawing 

ater, thereby keeping the floor dry. 

FuTifyinET Water for the Can System.— As 
[was previously pointed out, in order (o obtain abso- 
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liitely puri' crystal ice by the ran system, a complete ' 
distilling and filtering process must be employed. 
Filtration without coagulant will give a clear water, 
and evaporation in the process of distillation makes 
the water absolutely pure. The steam is then con- 
densed and cooled ready for use in the cans. All 
air must be expelled from the water, otherwise it 
will freeze into opaque or so-called "snow-ice," 

In the can system of ice-making, special water 
purifying apparatus is required. The steam gener- 
ated in the boiler is first used to drive the compressor 
in case of a compression system; or to heat the strong 
liquor in the generator in the case of an absorptitut 
system. From the compressor the exhaust steaia 
passes through an oil extractor on its way to thft 
steam condenser. The steam condenser may be 
usual type of steam condenser, or may be designed 
on the same principle as the ammonia condenser, 
being a series of pipes over which cooling water if 
allowed to flow, while the steam is confined withtiu 
If the exhaust steam is not sufficient in amount toi 
make the required quantity of ice, enough live steam 
is supplied to the steam condenser to make up thfti 
deficiency. The water resulting from the conden 
of the steam passes to a skimmer where any oil which. 
might have passed the oil extractor is removed^ 
From the skimmer the water goes to the re-boileE 
at the bottom of which is placed a small steam c<ril 
by means of which the water is kept boiling and tbtf 
air contained in it expelled. The water then passes 
to a flat cooler, an apparatus similar to a condense, 
where its temperature is reduced to that of the cod- 
ing water available. Thence it is conducted to the 
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filters which are furnished in duplicate, so that one 
may be shut off and cleaned without interfering with 
the operation of the plant. From the filters the J 
water parses to the cold-water storage tank which I 
coDtaing the return ammonia expansion coils or sue-" 
tion pipe to the compressor. Bj- the use of this coil, 
the distilled water is reduced almost to freezing 
temperature before going into the freezing cans. 

A system of water purification for can ice-mak-, 
ing is shown conventionally in Fig. 93. This shows 
merely the relative arrangement of the several part* 
but not necessarily their various elevations. The-; 
steam condenser can be lower if necessary, but it ift. 
well to have the re-boiler sufficiently high to give thff 
head necessary to operate the regulator aa well i 
to have the head necessary to force the distilled water 
through the filters. 

Atmospheric Steam CondenBers. — Atmoj 
spheric steam condensers are made on the i 
general principle as atmospheric ammonia condense 
They differ in these few details: That steam condeB' 
sers are made of larger pipe, 2-incb, 2|-inch, and 2 
inch pipes being used for this purpose; and the pipe 
are galvanized to keep the condensed water as fre 
from rust and scales as possible. 

Atmospheric steam condensers are made on tbt 
counter-current principle. That is, steam enters at 
the bottom of the coil where it comes in contact witl* 
pipes over which the warmest water is flowing, and 
rises to the top where fresh water comes in contact 
with the condenser pipes. The coils are not made very 
high, usually being restricted in height to seven loop«._J 
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Double-Pipe Exhaust Steam Condenser. — 
Some steam condensers are made on thp double-pipe 
principle. One of this type is shown in Fig. 94. It 
consists of a double coil connected by return bends 
at the ends. The exhaust steam enters the header 
at the center of the coils, passes through the spaces 
formed between the inner and outer pipes where it 
is condensed by the water flowing through the inner 
pipes, and out at the bottom into the skimmer. 




Double-PipE Suam Condenser 

Double-pipe exhaust steam condensers are' made 
with outlet pipes 2J inches in diajneter, and the inner 
or water pipes li inches in diameter. The size and 
capacity of these coils can be seen in Tabic XXXVIt 

TABLE XXXVI 

SIZE AND CAPACITY OF DOUBLE-PIPE STEAM 

CONDENSERS 



Tocf^M^Ds 


I^^HiU 


Length oTCdU 


Wd,ht 


1- 

20 


3 

S 


IS 

ao 

20 


naoo 



Samit^rj Kc 
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-Id Fig. 93 is 
ffaows ihe iatnior d a soifaee steam condenser. 
Coo£iBf cr rooAntoBf water entns tbe chamber at 
the ri^t tad ol the eviitider. posses through the lower 
groop 01 t^hrs to a chamber at the left end of the 
cyGuOK. then hack to tbe ri^t end of the cylinder 
thioo^ tbe upper group of tubes, then away from 
the ojMeaier entirely. The exhaust steam enters 
the sbeu a: ibe top. b rcmdensed by coming in con- 
tact vith the vaier-filled tubes, sod Sows out of the 




bottom opt'ning of the shell. The tubes are made of 
seamless-flrawn brai*. and are expanded into bronze 
tube heails at lx>th ends. Provision must be made 
for the frt-i- expansion and contraction of the tubes 
tmder changes of temperature, and this is accomplish- 
ed by means of a sliding tube-head through which 
the tubes can freelv slide. 
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Skimmine: and Re^Boiling Tanks.— The ob- 
ject of skimming and re-boiiing the distilled water is 
to draw off all air and gas, and akim off any oil or 
grease remaining in the water. A skimming and re- 
boillng tank is shown in Fig. 96. In thh the boiling 
of the water by means of heat from the submerged 
steam coils agitates the surface of the water, and 
brings all oil and grease to the top. The funnel at 
one end skims off this surface scum, and naturally 
the floating particles tend to flow towards this outlet. 



-t:^ 



The water inlet is near the skimmer so that impuri- 
ties will be deposited close to the point of escape. 
Either live steam or exhaust steam can be used for 
the steam coils, and the water of condensation from 
the steam coil may be conducted away, or allowed 
to escape into the re-boiler tank through perforations 
in the pipes, as is sometimes done. 

Sometimes the skimming tanks and re-boUing 
tanks are separate. Fig. 07 shows a skimming tank 
which is used iseparate from the re-boiler, and Fig. 
98 shows a cyliadrieal tj-pe of re-boiling tank fitted 




with a spiral roU. This tank shows in cood-sin 

detail the regaUiing val>-e in the 

jeet of this rfsnUiing valve is to 

drsmi into the vater pring to the 

operattos is simple. When the re-boiling 

k4 wat^r, the valve on the water outW 

But aa the water line begins to fall in 

tank, the balanced float falls with it tl 

ally dosing; the valre, and entirely closing it beftNtt 

the waUr lerel reaches a point where air would b» 

entrained and carried with the water to the filters. 

Filtert." Anr 

good tj'pe of wattf 

filter may be osed fa> 
the cleaiifnng of thfl 
distilled water before 
it goes to the codiop 
tank. I'sually, how* 
ever, they are madft 
of galvanised sheefe 
material fitted witit 
perforated plates and 
fill*^ »ith charcoal 
and quartz sand. The 
ordinary pressure f 
ter for house-hold u 
skimmini T»nk jg ^qj largely ei 

ployed for this purpose, although it may be, nor is I 
coagulant used in the filters, as it is clearness, not: 
bacterial purity that is required of the filters. As ft 
matter of fact, the "filters" are more of the nature 
of strainers than real filters. 
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Distilled-Water Cooling: Tank.— On..- form of 
cooling tank for distilled water is shown in Fig. 99. 
In it is immersed a coil through which ammonia from 
the freezing tank passes on its way to the suction end 
of the compressor cylinder. This tank contains a 
supply of water at low temperature from which is 
J, drawn the pure water necessarj' to fill the cans. 

A different type 
of distilled water 
reservoir is shown in 
Fig. 100. This is 
cylindrical in shape, 
contains a spiral coil 
and an aggitating 
apparatus to prevent 
the water from freez- 
ing to the coils when 
at a low temperature. 

Storage of Ice. 

— In the manufacture 

of ice it is well to have 

an ice storage room 

with a capacity of ^ 

from two to four weeks run. This will permit the 

plant to be started several weeks in advance of the 

ice season, and will tide over those periods when it is 

necessary to shut down the plant temporarily for 

repairs. Ice made by the plate method resembles 

natural ice in appearance and keeping qualities, while 

ice frozen by the can method has a more or less porous 

1 structure, especially at the core, in the middle of the 

I block, and consequently melts more quickly than 
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plate ice. Owing to this fact, a storage room for 
plate ice needs no refrigerating s^'stem to keep the 
ice from melting, while storage rooms for can ice 
reriuire artificial refrigeration to keep the ice from 
melting. One and one quarter inch pipe is generally 
used for this purpose, and 1 lineal foot of pipe of tluB 
; will be sufficient for each 10 cubic feet of spa«( 
well-insulated storage room. 




The storage rooms should be kept at a temped 
ature of about 28° Fahrenheit. If the t«mperaturi 
of the room goes above 30° or 32° Fahrenheit, the ica 
will be liable to melt; while if the temperature falls 
below 28°, the ice is liable to check. Alternate thaw-! 
Ing and freezing will freeze the ice into one solid n 
unless the precaution is taken to separate the differeaf 
layers with strips of wood, and pack the blocks o 
the different tiers with space between one another. 





Comparison of Can and Plate Methods. — 
Which method of ice-making, the can or the plate 
system, will prove the more eeonomical and satis- 
factory will depend in each case on local conditions; 
and the local conditions will often determine whether 
the compression or the absorption sj-stem of refriger- 
ation should be adopted, which in turn will determine 
the method of ice 
making. As a rule 
it may be said that 
plate-ice plants are 
considerably more 
expensive to in- 
stall, but under 
favorable condi- 
tions are more 
economical of oper- 
ation than can ice 
plants. 

If a large 
quantity of exhaust 
steam is available 
for ice making, 
which otherwise 
would be wasted, 
the absorption sys- 
tem of refriger- 
ation and the can 
method of ice mak- 
ing would no doubt prove the most satisfactory, and 
by far the most economical, for very little power is 
required in those two processes, although heat, and 
heat in the particular form of steam, is necessary for 
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both at these. The exhaust steam after disliltlag 
the ammonia in the generator of the absorplion 
system could be condensed and used after being 
further purified, for making the can ice. 

For plate ice-making, steam is not neeeesarj". 
Power is all that is required and that caii be supplied 
by water, gas, steam or electricity. Steam is not 
even necessary for the water used in the manufncture 
of the ice, ordinary potable water being suitable for 
the purpose. The ice made by the plate system 
is denser and has better preserving qualities than 
can ice, so if the ice must be stored for a considerable 
period of time, the plate ice will be found the bellw 
for the purpose, and can be stored without refriger- 
ation. 

CELL BLOCK SYSTEM OF ICE-MAKINO 

The cell block system of ice-making combines 1 
a great extent the best features of both the plat( 
system and the can method of making ice. TH 
ice or water is frozen in a large tank 6IIed nith wat« 
the same as in plate ice-making, therefore distUlci 
and filtered water is not necessary. At the same tin 
the ice is formed in molds and the harvest yield] 
blocks of uniform size convenient for handling, 
in plate ice-making, any form of power, water, electrk 
or gas engine can be used. 

The cell block system of ice-making is shown il 
perspective in Fig. 101. In a large tank are fitte<l 
continuous coils crossing each other alternately at 
certain intervals so as to form spaces or cells. In 
these spaces are fitted galvanized iron cells made of 




i t«ry Re f r i ger 



on and Ic 



H-kiiig 



a aize to just fit the spaces. These ceila are open 
both at bottom and at top, and when the plant is 
ready for freezing, the water stands a few inches 
above the top of the cells. Unlike in the csn sys- 
tem, circulation is possible through the cells while 
the ice is forming, and thb circulatioti is made positive 
by air which is forced in at low pressure at the bottom 
of the tank, at the center of each cell space. The 
freezing process forces all impurities towards tho 
center of the cell, and the rising air bubbles carrj* the 
impurities to the surface of the water and into 
overflow which carries the water through a filter, 
and into a cold storage tank to be used over again. 

Ammonia Coils for Cell Block Tank. — Tbv 

ammonia expansion coils for a cell-block frcczinc 
tank are .shown in Fig. 102. On account of thfi 
crossing of the coils surfaces are formed which freeM 
the water in the cells uniformly from all four sidest 
When the blocks are formed and ready for harvestinj 
the ice is freed from the metal surfaces of the cellj 
by discharging hot gas from the compressor cylinda 
through the coils, 

Ice-Forming Cells. — Ice-forming cells for tl« 

cell l>lock isystcm of ice making are shown in Fig. lOS 
Into the rectangular spaces or subdivision 
formed by the coils are permanently fixed there cell 
or freezing chambers. The walls of the cells are i 
close proximity to the coils, substantially in contai 
therewith, the coils being arranged to cover the sida 
of the cells uniformly between their ends. The cell 
are made of galvanized iron, wide open at both e 
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to the interior of the tank and coDstitate a tube n 
smooth interior and nithout taper. They are a 
ed a few inches above the bottom of the freeiing 
tank, so as to leave a free space beneath them for the 
circulatiun of water and for the admUsioa of pipes 
supplying air. It is of course understood the tank is 
filled witli water and the coils and cells are immersed 
therein merely subdividing this body of water into 
ice block size, tbe cells being open full sixe lop and 
bottom and the ice forming the depth of the freezing 
coils only. This leaves a portion of water unfrozen 
above and below 
Che blocks of ice 
when finished. 

The bloc 
are 11 
inches, and 1 
freezing, 
pering, thaw: 
and harvestin 
of a tank 
accomplished S 
48 hours, 
blocks of ice are 
about the size of 
corresponding 
can-ice blockSrH 




Water Circulation in Cell-Block Ice MalS 

ing.^As a rule, the air agitation described in the 
foregoing paragraph is sufficient to make ice of good 
quality for a long time without cleaning of the tanks, 

as the water space above and below the cell 
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cieDt to hold the cast-off impurities without becoming 
concentrated. Where the water supply is heavily 
laden with salts and the unfrozen water becomes 
concentrated before the ice blocks are entirely frozen, 
a water circuiation is provided for. Each tank has 
Beveral water inlets at its bottom and a slotted over- 
flow pipe at its top on the opposite side of tank to 
water inlets. Before the ice blocks in a tank nearly 
ready to harvest freeze up entirely, a small centrifugal 
pump interchanges the unfrozen water in the center 
of ice blocks, removing the water laden with impuri- 
ties and substituting fresh, clean water. The water 
circulating pump takes its suction from an insulated 
underground basin containing clean ice water. The 
water rising in the ceils establishes a current which 
carries the impurities to the overflow pipe. This 
overflow water then flows by gravity through a filter 
where it is purified and thence is piped to the ice 
water basin. 

Utilizing Waste Power for Ice Making.— 

The manufacture of ice and the cooling of storage 
rooms, or the supply of refrigeration from a central 
plant, can be carried on most economically by public 
service corporations auch as central heating companies 
and electric light and power companies. 

Corporations of these natures have their greatest 
demand for power in the winter months when the least 
power is required for refrigeration; and the least de- 
mand for power in the summer when ice and cold 
fltorage are in the greatest demand. 

Central heating plants can combine heating and 
Refrigeration to the best possible advantage, thereby 
301 




San 



ry Refr 



nd Ic 



H&kiniC 



running at full capacity the year round instead of on^ 
a few monthi; in the year. Electric light and j 
companies, likewise have the greatest demand fo 
power during the long nightis and cold weather of tU 
winter months, with » corresponding decn-tise ii 
mer, so the manufacture of ice and suppljing of r^frig 
eration offers to tliis industry a promising field. 

Electrical engineers are alive to this opportuDit7i 
and at a recent convention, went on record, unant* 
mously, as recommending the combining of refrij 
eration and ice-making uith electric light and powerj 
ns a means of increasing their field of usefulness b 
cutting down the cost of producing electric current. 




Tbe following information and tables are from 
information furnished by the manufac- 
turers of refrigeration machinery in their 
various publications. 





SgQRECTING PLANT.— The first thing is 
iO seek the Manager and beeome 
icquainti'd with him get his permia- 
. to go over the buildings so that 
will become familiar with them. 
Then distribute the bulky matenal where it belongs, 
put all the fittings of one size together m one place. 
Tack blue prints up in conspicuous places for con- 
venient reference. Follow drawings as far a& possible, 
and when changes are advisable they should be 
I authorized in writing by the purchaser, as well as the 
f home office, provided they are of any importance. 
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Have no arsmnents — leave h for tbe home ofiee 
to settle all matters ariEiDg, I'aueiag dissatisfactifle a 
nusuader^tandin^ on either «tde- 

Stand all pipe on end and hammer weQ, so as b 
remove gril, »:ale, etc. 

When all connections are made pump 130 poaodl 
air presiure on the entire plant br shutting off the 
main suction valve on machine — remove small BaagB 
on suction manifold for drawing in the air. 

Have ample water K^ing around the compressOS 
and allow considerable oil to drop in with the i 
as to keep the machine cool and lubricated — cautictf 
is neccssar>' here — the maehlne can be kept runniBf 
as slow as it will while looking after the ' 
joints, etc. 

After you have eTerythii^ reasonably 
put 200 pounds pressure on the condenser i 
blow out each coil separately. Do this by breakin) 
connection on the liquid line between condenser a 
receiver. After condenser is clean, connect up 1 
liquid line and blow out receiver and oil trap, tha 
allow machine to continue slowly, keeping up aboU 
200 pounds pressure, and blow out with air ea< 
coil separately in the brine tank. 

If there are any direct expansion coils, the san 
course will apply. By holding the band in front < 
the opening you can readily detect if there b ai 
scale blowing uut. 

Be sure and keep the low pressure gauge cloa 
up all this time, then pump 300 pounds pressure ( 
the entire system, going over every joint with I 
candle and you will easily discover if there are i 
perceptible leaks. 
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Then mix up a soap suds Hnd go over every joint. 
r It pays, however, when the 300 pounds pressure is 
I on to let the plant remain quiet for a few hours and 
your gauge will show if there are any bad leaks. 

The pressure should remain on for at least twelve 
hours, and can stand a loss of from five to ten pounds 
during that time. 

After this, allow the air to blow out and pump 
about a 10 or 15-inch vacuum on the system; to do 
this, open your main suction valve, close the main 
discharge valve and remove small flange on the dis- 
charge manifold, being careful to see that there is 
a discharge opening, then connect a drum of am- 
monia to the discharging valve near the receiver and 
allow a few pounds of ammonia to go into the system. 
This will produce ammonia gas in every part of the 
system, and you should pump up another pressure 
ofSOO pounds so if there are any minor leaks you can 
detect them. U will pay to leave this pressure on 
the coils for another ten or twelve hours, after which 
allow the air to blow out again and put a vacuum on 
the system of from 28 inches to 30 inches, or keep 
on pumping until there is no more discharge. The 
most simple way of telling this, is to put your finger 
over the discharge hole and if you can keep it there 
there is nothing more to remove. 

Then, to charge the plant, close up every valve 
on the entire system, except ammonia condenser, 
and shut off valves on the brine tank, open up one to 
three expansion valves on the brine tank, also the 
, charging valve connected to the liquid line near the 
leceiver, then open slightly the valve on the ammonia 

t which should lay on an incline of about 3 inches. 
^ 




After you have about five or *!ix pounds in the 
system start up maebioe slowly. It will not make ■ 
any mat4>rial difference whether you pump this gaS' 
in at 5 or 20 pounds back pressure. Keep on pumping 
until your drum is empty. I^t the machine run slow 
1 note the back pressure is going down. Pump* 
a 5-inch vacuum on each drum and be careful to te^ 
and weigh each drum before and after removing the 
ammonia from same. 

Keep on in this way until the plant is chained) 
and aa your brine becomes colder turn on more coils, 
but always try and keep the ammonia coming over 
sufficiently cold, so as not to overheat the machine- 
There is nothing to be gained in trying to expand 
through all of the coils and eool down a lot of v 
brine at one time. 

Any of the valves can be packed while t 
pressure is on by turning the stem to the left up 
against the back seat. 

The gas can be removed from one section of thA 
condenser or brine tank and a pipe or fitting removed: 
and replaced. 

The machine should receive plenty of oil &Ui 
this while: the amount can be diminished every diqr 
if everything is in good working order, the compressoi 
and rod kept cool, very little lubricating is necessary^ 

The valves on the machine are easily regulate; 
and will work noiselessly at any back pressure desired 

To give the discharge valve leas lift, turn tbi 
stem to the right, and to give it more life or ofwniog 
turn the stem to the left; to give the middle and 
suction valves more opening turn the stem to th(j 
right, and less opening turn the stem to the left. 




Watch all parts of the machiue. It should operate 
perfectly noiseless in less than four days' running. 

Keep all bearings snug and tight. Do not eany 
too excessive a back pressure for a few days, but 
increase gradually. 

Keep ample water going over the condensers 
thoroughly distributed. 

Any further information desired can bo secured 
at the home office. 



Packing the Machines. — ^Pack the machine 
with any ordinary packing for testing out with, then 
remove the old packing and valves and clean all oft 
thoroughly and replace them carefully. 

The packing should be inserted into the stutTing 
box as follows: 

First, solid ring, three or four section rings, 
then solid ring and then the oil lantern. This should 
come just opposite the relief pipe and ammonia 
expansion valve, then a solid ring, after which two 
or three sectional rings and then another solid ring. 

For the outside stuffing box split a solid ring in 
two and insert so as to break the joints and you are 
ready for pumping ammonia. 

This stuffing box should be watched closely so 
as to prevent its getting too hot, as burnt packing will 
always give trouble. It can easily be kept cool with 
sufficient oil and a little ammonia around some. 

The relief valve connected to the pipe leading 
from the center of the stuffing box to the suction 
Bide of the machine should always he slightly open. 
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Refrigerating Plants.— A refrigerating plant 
requires hut litilf- more care ihan an ordinary power 
plant. The can? of tbe engines, boilers, pumps, and 
all connections is exactly the £ame. 

The additional work required centers in the han- 
dling of the ammonia and the ammonia compressor. 

There are one or Iwo gootl general rules which 
can be given for handling the ammonia. First, carry 
as low a (■oD<lciiser pressure as po^ible, get the 
coldest and best water available, and use as much of 
it as you can economically. Water always costs 
something, if it is only the cost of pumping. 

If the water has to be boupbl, balance the cost 
of the water against the cost of the fuel, and run tbe 
plant on an all-around economical ba^s; remem- 
bering, the lower condenser pressure the less the load 
will be on the engine, and the less fuel will be required 
t« drive it. 

Keep the condenser coils clean. 

Draw off the oil from the oil traps at some stated 
time, reguliyly, say once a week, ajid at the same 
time open the air vent on the ammonia condenser 
and blow out such foul gas as may have collected. 

Carry as high suction pressure as possible. The 
less difference there is Ijetween the suction pressure 
and the condensing pressure, the more economically 
the plant can be run. 

The higher the suction pressure the greater the 
weight of the ammoniit circulated through the plant, 
anil the greater the capacity of the compressor. 




The only limit to the sutitioii pressure is the 
temperature of the brine in a brine plant or of the 
; in a direct expansion plant. 

Study carefully the table of boiling points of 
ammonia, and carry such a suction pressure that the 
boiling point of the ammonia will be about 10° F. 
below the temperature you are handling. 

For ordinary work, the following tables of suction 
pressures are correct: 

TABLE XXXVII 

SUCTION PRESSmtES AND TEMPERATURES 



Loireil Turnperalu™ 


SudllOH PTHBUrB 

(Gnuis) 


1 


Lb., 

1 



Keep the plant fully charged with ammonia. It 
Is not necessary to slop the machine to charge in 
new ammonia. Connect the full drum to the charging 
pipe, shut off the valve between the charging con- 
nection and the liquid receiver and open the charging 
valve and the valve on the drum. Expand from the 
drum until the suction gauge shows a vacuum. Run 
the machine slowly as the gauge pressure falls below 
zero. When a vacuum is reached, shut the charging 
and drum valves, open the valve at the foot of the 
liquid receiver slowly, and speed up the machine, 
as the suction presstire rises, until the speed und 
pressure have regained the normal condition. 

Don't start the compressor without knowing 
the water is running freely over the ummonia con- 







denser, and that every valve is open on the highl 
pressure side, right down to the expangiun valve. 

Don't pump a vacuum unnecessarily. Open ll 
suction valve as soon aa the engine will turn over tl 
centers, and open the expansion valve as soon as tl 
gauge indicate a pressure a little below the regulai 
suction pressure. 

Don't stop the compressor until the expansion i 
valve has been shut and the suction pressure pumped 
down to within a few pounds of zero. 

If the compressor is going to stand for an hour 
or more, shut Ihe suction valve and tighten the pistoi 
rod paclving. Be sure to slacic off the pacldng when] 
starling up. 

Don't break an ammonia joint before openLn 
some blow-out valve (such as the charging valve o 
valve on the oil trap) to make sure the pressure Ui 
all out. 

Don't expect a new ammonia joint to be tight. 
Test it with air and know that it is tight before you^ 
put on a pressure of ammonia. 

Don't fail to pump all the air out of the systettf 
after making repairs. 

Don't blow out ammonia in a confined place. 
When blowing out oil, foul gas or ammonia, pipe it 
off to some little distance from the valve. If you 
let it drive you away from the valve you will not likely 
get back to shut it off. 

Don't use any more oil in the ammonia systeDJ 
than is absolutely necessary, and see to it t 
oil used is purely mineral. 

Don't use any more oil in the steam cylinder tl 
is absolutely necessary. 
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Don't use poor quality of oil in cylinders. 

Don't forget your oil separator. Keep it con- 
stantly drained of dirty water and oil. 

Don't use any more water than necessary on 
steam condenser. 

Don't neglect condenser coils. Keep them clear 
of scalp. 

CARE OF ICE PLANTS 
Care of Ice Plants. — Besides tlie general care 
of machinery and the ammonia system, the ice mak- 
ing engineer must carefully watch over the distilled 
water system; and here, if anywhere, "eternal 
vigilance is the price of — success." 

Don't use any more oil in the steam cylinder 
than is absolutely necessary- From two to four 
drops a minute will answer for most engines, if the oil 
is good— and it ought to be. See that the oil sepa- 
rator is constantly drained of dirty water and oil. 

Use as little water on the steam condenser as 
possible, just enough to condense the water required 
to fill the ice cans. Keep the condenser coils scaled 
off clean. The hotter the distilled water comes from 
the condenser, the less steam it will require in the 
re-boiler, and the less likelihood there is of con- 
densing, together with the steam, other free gases 
passing into the -steam condenser along with the 
exhaust steam. Always allow a slight amount of 
exhaust steam to escape at the relief valve to carry 
oS foul gases. 

Use a closed coil in the reboiler in preference to 
a perforatetl coil. A perforated coil often gives the 
appearance of boiling to the water in the tank when 

sn 




thr temperature is still below 212°. Keep the re- 
Ixtiling tank up to 212°. itiid run the wa.«te Hteam (roQ 
the re-boiling coil into the steam condenser. 

See that the skimmer overfloift-s at regular in- 
tervals. 

Blow out the cooling coil regularlj'. It may 
be once a day, once a watch, or oftener, as required 
by the nature of the water handled, but have some 
regular time to attend to it. The cooling coil is & 
most important part of the plant, and should I* 
BUpplied with a lilseral amount of the coldest watei' 
available. Every unit of heat extracted from the 
water while pas.sing through the cooling coil is one 
less for the ammonia to handle. 

Wash out filters regularly. 

Draw the ice at regular intervals, day and night* 
so as to keep a constant supply of heat coming to 
the machine. Draw the ice in rows across the coib 
in the tank, rather than along the coils, so that eadl 
coil will get a regular supply of heat. 

Carry the temperature of the freezing tank aa 
high as possible, as the longer the ice takes to freeM 
the clearer it will be. The higher the temperature a 
the brine the less heat it will be necessary to extract 
from the water to be frozen. 

Keep the suction pressure as high as possiblet 
conaidering the temperature in the freezing tank. 

Watch carefully the circulation of the brine in 
the freezing tank. More plants fall short of thei 
capacity by reason of poor circulation than from any 
other cause. Wlien the frost comes back to the c 
pressor with a comparatively low back pressure and* 




high brine temperature, nine times out of ten it is 
the circulation that is at fault. 

Keep the dipping bath or thawing device at as 
low a temperature as possible, just warm enough to 
release one bloek before the next is ready. 

Keep the boilers clean and keep a close watch 
on the water level in the boiler. A high water level 
means a priming Iwiler, and a priming boiler means 
bad ice. 

Dirty boilers are expensive to run. Mr. W. S, 
Hutton, in "Steam Boilers," gives the following table 
showing the loss of fuel due to scale in hollers. The 
loss of fuel caused by scale in steam boilers may in a 
general way be averaged as follows: 



Scale A inch thick, ( 
Scale ^ inch thick, c 
ScAle A iocti thick, c 
Scale i4 '"ch thick, c 
Scale A inch thick, c 
Scale H inch thick, c 
Scale H iacb thick, c 
Sttit H inch thick, c 
Scale ^ inch thick, < 
Scale ii inch thick, c 



» a loss of 2% of fuel. 
» n loea of 4% of fuel. 
« a losa of fl% of fuel. 
•s a. loss of 18% of fuel. 
w a loss of 27% of fuel. 
■fl a losB of 38% of fuoi. 
^H a. loss of 48% of fuel. 
■s a lose of 60% of fuel. 
■a a loss of 74% of fuel. 
w a loss of 90%, of fuel. 



Carbonates of lime and magnesia are precipitated 
by heat at from 160° F. to 240° F., and can be sepa- 
rated from the feed water by a good heater. 

Sulphates of lime will not precipitate at less 
than 300° F., and can only be separated by a live 
steam purifier or by using some chemical compound 
OS a coagulant. The compound should be mixed 
with the feed water before it passes through the 
heater. 
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Space Required for Can Ice Pl&nts.—Froiii 
Table XXXVUI, an approximate idea of the spa» 
required for a given size plant may be readily o\t- 
tained. It must be understood that these dimea- 
sioDs caa be varied greatly to suit local eondltioiu. 
TABLE XXXVIII 
BPACI HIQUIBED FOB CAN IGB PLANT 



Rules and Approximate Pressures OeneraUy 
Used.— One British Thermal Unit (B. T. U.) is the 

quantity of heat required to raise one pound of 
water at 32° F. to 33° V. or the amount of heat that 
must be extracted from one pound of water at 33° 
to reduce it to 32" F. 

The latent heat of ice is 142 B. T. U. That is 
say, one pound of ice at 32° F. will require 142 
T. U. to melt it into water at 32° F., or 142 B. T. 
must be extracted from water at 32° F. to freeze 
into ice at 32° F. 

One ton of refrigeration is the amount of h< 
absorbed by the melting of 2,000 pounds of ice at 
F. into 2,000 pounds of water at 32° F. or the amouni 
of heat that must be extracted from 2,000 poui 
of water at 32° F. to reduce it to 2,000 pounds of 
at 32° F. or 2,000X142 = 284.000 B. T. U. 
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One pound of ammoQia expanded at 15 pounds 
gauge pressure, will absorb 555 B. T. L'. 

Proportions of expansion piping are based on 
suction pressure of 15 pound gauge. 

Proportions of brine piping are based on brioe 
of 80° density on the salometer. neighing 75 pounds 
cu. ft. The temperature of the returning brine is 
assumed to be 6" higher than the temperature of 
the outgoing brine. 

TABLi: XL 

APPROXIMATE TSHFEBATUBKS, P££SSGSKS 

AMD DISPLACKMEHT 



to be Muntwncd 
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Cooling Coils.— The number of cubic feet 
well insulated space per ton of refrigeration, I 
small rooms up to 1,000 cubic feet capacity: 

If held at zero F., 200 cubic feet per ton. 

If held at 5 degree F., 400 cubic feet per tan. 

It held at 10 degree F., 800 cubic feet per ton. 

U held at 20 di^gree F,, 1400 cubic feet per ton. 

If held at 32 degree F., 2000 cubic feet per ton. 

If held at 36 degree F., 2500 cubic feet per ton. 

For rooms from 1,000 to 10,000 cubic f< 
capacity : 

If held at zero F., 600 cubic feet per ton. 
If held at 5 degree ¥.. 1200 cubic feet per ion. 
If held at 10 <iegree I''., 2500 cubic feet per ton. 
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If htid at 20 degree F- 450() cubic feet per ton. 
If held at 32 degree F- 6000 cubic feel per ton. 
If held at 36 degree F., 8000 cubk feet per ton. 
For rooms over 10,000 cubic feet capacity: 
If held at zero F.. lOOO cubic feet per ton. 
If held at 5 degree F., 2000 eubin feet per ton. 
If held at 10 degree F,, 4000 cubie feet per ton. 
If held at 20d^ree F., 6000 cubic feet per ton. 
If held at 32 degree F,, 8000 cubic feet per Ion. 
If held at 36 degree F., 10000 cubic feet per ton. 

The number of cubic feet of well insulated space 
that can be cooled by one running foot of brine pipe 
in small rooms up to 1,000 cubic feet capacity: 

T.ABLE XLI 
CUBIC SPACE COOLED BT ONB-POOT PIPE 



At SdHTMp... 
Al 10 deem F. . . 
At 20 dsETM F. . . 
A(32dnEr«F.., 
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Direct Expansion Coils should be arranged free 
from trap and pockets — each coil should have one 
igulating and one shut off valve located in engine 
im and contain : 

150 feet of 1 inch pipe per tou of refrigeration. 

125 feet of 1 Ji inch pipe per ton ot refriHcrution. 

110 feet of 1 Va inch pipe per ton of refrigeration. 

90 fei-l itf 2 inch pipe per ton of refrigeration. 

Expansion Coils should Iw supplied with one 

I'Tegulating and one shut off valve, and proportioned 

I as follows : 
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^^^^ Power Required to Drive Refrigeration 

^n Plant. — For large plants, l}-^ to 1}-^ horse power per 

■ ton of refrigeration is the usual allowance of power, 
W On small plants, from 1 to 10 tons capacity, 2 hone 
I power per ton is usually allowed. 

I When the suction and condensing pressures are 

B knon-n, the mean effective (or average) pressure in 

I the compressor cylinders can be found by the foUow- 

■ ing table. 
' TABLE XLII 



i(Mi ivpt of 1 inch pipe per loo 
.120 (rcl of I \i inch pipe per Ion 
270 feet of l)-5 inch pipe per Ion 
210 feet of 2 inch pipe per too 
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These figures are taken from an average of j 
number of cards and are approximately ct 
the fraction of a pound being dropped and the n 
whole number taken. 

To find the horse power required to drive l 
ammonia compressor when the suction and 
densing pressures are known: Multiply the area t 
the piston in inches by the mean effective pressm 
found in the above table and by the speed of t 
piston in feet per minute, and divide by 33,000. 
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Area of piston X mean eflfective pressure X speed in 

feet per minute 

=H. P. 

33,000 
and add to the result 20% to cover the friction of 
the machine and engine. 

Example. — Find the horse power required to 
drive an ammonia compressor having two single- 
acting compression cylinders 8" diameter, by 12" 
stroke, running at 100 revolutions per minute with 
20 pounds suction pressure and 180 pounds condens- 
ing pressure. 

Area of 8 = 50.29. 

50.29X2X100X72 

= 21.94 H. P. 

33,000 
21.94+20% = 26.32 H. P. required to drive the 
compressor. 

When the steam pressure and the point of cut- 
oflF are known, the mean eflfective pressure in the steam 
cylinder can be found by the following table: 

TABLE XLIII 
STEAM PRESSURE IN CYLINDERS 



p^,.^^ ^£ ' BOILER PRESSURE (Gauge) 

Cut-Oflf 80 90 I 100 



1-5 33.4 42.15 • 47.34 



1^ I 40.85 

1-3 47.0 



49.3 55.65 

53.5 ' 61.5 



1-2 64.42 72.89 ' 81.35 

To find the horse power of a steam engine: 
Multiply the area of the piston in inches by the mean 
eflfective pressure and by the speed of piston in feet 
per minute, and divide by 33,000. 

319 




To find the area of st^am piston required who) I 
the horse power, speed and mean effective pre^ure 
are g:iven: Multiply the horse power by 33,000 and 
divide by the speed in feet per minute and the o 
effective pressure. 

Find the diameter of steam cylinder required l| 
an ammonia compressor having two «ngl^'-a(*tlng row 
pression eyUnders 8" diameter by 12" stroke, 
at 100 revolutions per minute nitb 20 pounds s 
pressure and 180 pounds condensing pressure with S 
pounds steam }4 eut-ofT. The stroke of the engJM 
to be the same as the compressor. 

The compressor requires 26.32 horse powi 
The mean effective steam pressure is 40.85 pouiu 
(See table.) 

33.000X26.32 \ 106.3 sq. in. area of piston. 



2X100X40.85 ( or about IIH" diameter. 
For the sake of even measurements, say 12" diamet 
for steam piston. 

It is common practice to make the steam cylinda 
of a refrig;e rating machine two to two and one-quarter 
times as large as the ammonia cylinder. If the stroke 
of both cylinders is the same, the area of the steam 
piston should be two to two and one-quarter times s 
large as the ammonia piston. 

If the strokes are different, the product of 1 
area of the steam piston multiplied by its stroke shoul 
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be twu to two and onf-qiiarttr times tin? product of 
the area of thp ammoDift piston miiUiplied V>y its 
stroke. 

Suction Producer Gas Power System.— The 
term "Suction Producer Cns Power" is (lescriptive. 
The system "produces" g.TS from the i:oal fed into 
the "Producer" or "Generator," and this gas is 
Utilized ill the gae engine in thp same manner as 
illuminating gas or gasoline in used in the ordinary 
gas or gasoline engine. 

The system consists of a "Producer" in which 
the gas is formed; "Scrubber," in which the gas is 
Cooled and cleaned; and "Expansion Tank," from 
■which the engine draws its supply; "Oa.s Engine," 
"where the gas is burned and which delivers the power. 

The system is so nearly automatic that it requires 
the attention of one man only a very small part of 

lime, meanwhile leaving him tree to attend to 
other duties. 

TABLE XLIV 
COMFASATIVE OPERATINa COSTS 



BCHU nMl in tbraltUng 

now eohI In bigh vpofd 
^_^_ — Jo ni »t t e Mcun eaitiiiE. . . . 
Hvaaiaeuii coal in rimple 

Coriw Mcam cngiDp 

'tVmtDoiu ccmI tn roriipoimd 
eoDdeuiDK Corlis ausin 

lUinKila iiet cogj is jiroduoer 
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Tlie Dature of the prucess is such as to make it 
impossible to waste the fuel as in a steam plant. No 
smoke-fitack is used — all the products of eombustioR 
of the coal, after thorough cleaning from tar and 
ashes, pass through the engine, and, as the t 
creates the suction on the system only as much gt 
is made as is necessary to furnish the power required 
by the load on the engine. 

RATES FOB OKNERAL COLD STORAGE PER MONTH 



GOODS 

Apples, per bbl , , ... 

Ale luiil Beer, per bbl 

Ale unil Beer, per )4 bbl 

Ale uii<t Beer, per !4 bbl 

Beer, bottled, per case. 
Beer, battled, per eask 

Berrica, per baaket 

Butter aud Butt«ru)e, per lb, . . . 
Butter and Butt«rine, email lot. . 

Calves, each, per day 

Calves, pec lb 

Canned Goods, per lb 

Cured Meata, per ca^ or case . 

Cider, per cask. , . 

Cheese, per lb .,,,.. 

Celery, per caae 

Cranberriee, per caae. 

Cranberries, per eaak . 

Dried Fruit, per lb. ... . ..... 

Dried Fish, per lb. 

EggB, per ca«e 

Ftirs, undressed, per lb. (Hydraulic Prened) . . 

Fur§. dreosed, per lb. . . 

Grapee, per lb 

Hops, per lb 

Lard, per tierce 

I^ard Oil, per case. 

Lemons, per box ... 

Maple Sugar, per lb. 



RATE 
<0.I2M 
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GOODS RATE 

Maple Syrup, per gal H 

Nuts, per lb }4 

Oleomargarine, per lb }4 

Onions, per bbl 1214 

Onions, per box 15 

Oil, per cask 25 

Oil, per hhd 1.00 

Oysters, in tubs, per gal 05 

Oysters, in shell, per bbl 50 

Pears, per case 15 

Peaches, per lb J^ 

Pork, per tierce 20 

Sauerkraut, per cask 25 

S3rrup, per gal 14 

Tobacco, per lb }4 

Vegetables, per bbl 25 

Vegetables, per case 15 

Wine, in wood, per cask 25 

Wine, in bottle, per case 10 



SEASON RATES 

GOODS SEASON RATE 

Apples, per bbl $0 . 50 

Butter, per lb H 

Butterine, per lb M 

Cheese, per lb H 

Dried Fruit, per lb % 

Dried Fish, per lb 01 

Eggs, per case, received prior to July 1st 60 

Eggs, per case, received after July 1st 50 

Furs, undressed per lb. (Hydraulic Pressed) . . .01 

Furs, dressed, per lb 10 

Grapes, per lb 02 

Lemons, per box 50 

Lard, per tierce 1 . 00 

Nuts, per lb % 

Oranges, per box 50 

Onions, per bbl 60 

Pears, per case 50 

Peaches, per lb 02 

Sauerkraut, per cask 75 



ENDS 

May 

Jan. 

Jan. 

Jan. 

Nov. 

Nov. 

Jan. 

Jan. 

Nov. 

Nov. 

Jan. 

Nov. 

Nov. 

Nov. 

Nov. 

May 

May 

Jan. 

Nov. 
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